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INTRODUCTION

All human beings are exposed to ionizing radiation from natural and artificial
sources. Exposure to natural radiation arises from both cosmic and terrestrial sources,
as well as from natural radioactivity in our food and drink. Throughout history, man
has been exposed to natural radiation, and it is impossible to decide whether this
radiation has been harmful or beneficial to the human species. In contrast, artificial
radiation sources have only been introduced in the last 100 years and although many
benefits have been gained from their use (e.g. medical, industrial and agricultural
uses), it has been determined that exposure to these sources can be harmful to us. For
this reason, a system of radiation protection has been developed to protect people from
unnecessary or excessive exposure to ionizing radiation. As the effects of ionizing
radiation are better understood, this system is updated to ensure the best possible
protection for both radiation workers and for members of the general public.

In general, radiation protection is defined as the science and practice of
limiting the harmful effects to human beings from radiation, whether from natural or
artificial radiation sources, in medicine, research, general industry, and installations
of the nuclear fuel cycle. Therefore, radiation protection is a term applied to concepts,
requirements, technologies and operations related to the protection of people (radiation
workers, members of the public, and patients undergoing radiation diagnosis and
therapy) against the harmful effects of ionizing radiation. It has its origins early in the
twentieth century.

The benefits of radiation were first recognized in the use of x-rays for medical
diagnosis, soon after the discoveries of radiation and radioactivity. The rush to exploit
the medical benefits led fairly soon to the recognition of the other side of the coin, that
of radiation-induced harm. In those early days, only the most obvious forms of harm
resulting from high doses of radiation, such as radiation burns, were observed and
protection efforts focused on their prevention, mainly for practitioners rather than

patients. Although the issue was narrow, this was the origin of radiation protection as
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a discipline. Over the middle decades of this century, it was gradually recognized that
there were other, less obvious, harmful radiation effects such as radiation-induced
cancer, for which there is a certain risk even at low doses of radiation. This risk cannot
be completely prevented. It can only be minimized. Therefore, the overt balancing of
benefits from nuclear and radiation practices against radiation risk, and efforts to
reduce the residual risk, have become a major feature of radiation protection.

In general, many health and science professionals require a basic
understanding of radiological safety principles, even and particularly if they are not
specialists in radiological health, in order to protect themselves from the harmful
effects of the ionizing radiation, or to minimize this effect when the risk cannot be
completely prevented. Therefore, Radiation Protection — Principle and Applications
text book in Arabic is designed for this purpose as well as a resource for safety
personnel who also handle radiation safety duties. It is a text of the basic concepts
needed in broad-based protection programs, with real-world examples and practice

problems to demonstrate principles and hone the worker skills.

Since there is a limitation of the radiation protection books in Arabic language
and a much-needed working resource for health physicists and other radiation
protection professionals in the Arabic world in light of wide spread of radiological and
nuclear application in the Arabic countries, this text book presents clear, thorough,
up-to-date explanations of the basic physics necessary to address real problems in
radiation protection as well as the basic standards in real practice that are based on
international recommendations for safe practice. Designed for Arabic readers with
limited as well as basic science backgrounds it emphasizes applied concepts and
carefully illustrates all topics through examples and figures as well as practice

problems in radiation protection.

This book describes the origins and properties of the different kinds of ionizing
radiation, its detection and measurement, and the procedures used to protect humans
and the environment from its harmful effects. Many practical, numerical examples are
worked out with provided data, tables, and graphs. Descriptions of basic physical
principles demonstrate their practical applicability and problem-solving potential.

Moreover, this book also describes and deals with the code of the safe practice in
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radiation applications such as diagnostic radiology, nuclear medicine, radiotherapy,
industrial radiography, radiation protection standards and programs, environmental
radiological assessment, safe transportation of radioactive materials and radioactive

wastes.

Mustafa Mohamed Majali,

PhD, Nuclear Engineering.
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8.05 2.7 2

O«
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AAu — O. le—(0A693><21d/2A7d) — 4.56)(10_4 /,lCl
AI — 0.0467(0.693><21d/8.05d) — 6.56X1073 /,lCl
A, =A, +4, =7.02x10" uCi

Total

(84)

( 4 ) M

_6.023x10% x4 6.023x10”
A MxT

S4

226
T

_ 1600 y 226 (Cilg)

T A

S4

- Serial Radioactive Decay

dN,
dt

=N,

dN,
dt

:ZlNl _ﬂ“zNz

an, =AN,
dt
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- _ —At
- N1 _Nl()e

A
= N, =(—L )N, (e —e™
> (/12 _/11) 10( )

- 11/1 Yo' _(/1 /12/1 )e—l]t:|
2~ M 2~ M

= N, =N, | (1+(

4
/12 - /11

=N, =( YN, (e™ —e™)+ N,

= N, =N, +Nyy(I—e ™) +| (1+(

A A
-2 G 2/1)6%1}
2~ M 2~ M

: Radioactive Equilibrium E I

. Secular Equilibrium

Ay

A oy
N2 :(i_l)Nlo(l_e & )

2

A,

Nz/iz = Nl/llo
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e—ﬂlt
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=N

A1 _ /11N1 _ ﬂz_ﬁ“l
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. No Equilibrium
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'3 LDJ:JJI eI
,_=§ d.ds.il ERRRR
il T~
5'3 | . . !I 7 L I
| dot
AL g o33 Ol as
(12)
2
=In2/4,
ﬁ“E =4 +/13
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FTHT,
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U
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.100GeV 10MeV
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a
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(14)
40 [ 40
3000 8000-3000
Ely el R
( )235 238 _
G d237 232
.209

208

28



I 82
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130 [211

el Al

211,
128° " Bi 23555l

126

124

1] a5 a7 a5

(235 ) :(15)

O

% 40 40
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144

208 4
126

124

Ao a5 a0 g5

(232 ) :(16)

144 | Y Sl ey Glaail

/\

| i
130 214 Po 2385 gl sl

Al a5 Ll a5

(238 ) :(17)
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126

124
] 65 a0 95

237 ) (18)

60C0
59 O ¥Co

*Co+'n—"Co+y

O
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32P

94SI"

139

’Be+a—"C+'n

d p

P+d—7P+p

236 235

235U+]7[—)236U+7

193Xe
197 MeV 0
5MeV 167 MeV
TMeV 11MeV
TMeV

B 51 Xe+"Sr +3n+ 0

Sl a8 51 g3l
fuh-'u.uw

v

.;';w-»im-\e-v

d_u"LdI w| v
(} ;7
2 SNk

Cs
ERCHERRY]

0
||I

235 (19)

139
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| U
(20) 200
238
250 16
3
10F A =95 A= 15T
’I_h‘Eld. . J‘ci] 45 LW .
AN
1r 9 140
B I A .-4Y\:‘F CS g 1-64s
E g V\ | @4 a0
T oolr Lr 4Bu_.pT_1”
O N
L 140
o La
L —+ 3 T=40hr
0.01 4118 N
140
|
0.001 233\ Fission Fde Ce s
B r
— T= 1%
l Fragments P ;
oy
I | 1 | I T= i
70 90 110 130 150 170 B T e
Mass number A of 7r atable
fission rragmeni
:(20)

10" =10" neutron/ cm* s
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‘__.;_q_gm = et |
ol Ele dautarium tritium
s el C_gxl) %@)

1
|

\Jk/

,LE%' 'L”'r}”:g clai|

(SN . !
= j | i
N

Activation Cross Section

nj6EUA A

107 em?

59
YCo+n—>"Co"—>"Co+y+0Q

(l’l,]/) -

SNi(n,y)’ Ni  “Mn(n,y)*Mn *Cr(n,y)’ Cr
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“N+ns N >"C+/H+Q

16 16 AT* 16 1
O+n—"N -5 N+p

16 1 17 * 13
O+ p—>F > N+a

Ny
o ¢(n/cm’.s) N

Nz :¢0-1N1

dN,
dt

= ¢01N1 _ﬂ'zNz

¢O-1N1 (1 _ e—/lzt)

A(t) = A,N, = go,N,(1-e™™")

Nz(t):

2

f (1—e™")
‘[118]

A1) = g N At
(I-e ™)
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10" 0.1

38
24 -1
-2
W n->""W+y+0
% 28.42 186y
0.1

_ 0.1g x6.022 x10* atom / mol x 0.2842
183.85g / mol

24

N =9.31x10" atom

1

23.9

A(24) =107 x38x107 x9.31x10" (1 — e "M/ 39M2y =1 77%10°d / s = 47.8mCi

)
: 239

A(sat) =107 x38x107* x9.31x10" (1) =3.54x10°d / s =95.7mCi

el U nj

O

(22)
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18 11 (PET)
“N+P->"C+/He+Q
SO+ PoVF+n+Q
(99.76%) 0.96MeV 20.3 11
0.6332MeV 18 . 11
18 (96.73%)
11 (p,n)
(d,n)

3.4 lum 1

0.6

*Fe+ p—" Co+n
% 91.75 7.9

N - (I1x107em’®)(7.9g / cm’) x 6.022 x10* atom / mol x 0.9175 B
: 55.845g / mol

7.8%x10" atom

3 3

3x10°C/s

:(16 0 C/ p)x(l 2)21.87x10'3pr0t0n/cm2.s
6% p)x(lem

9
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@, =(7.8x10")(0.6x10** cm”)(1.87x10" proton/ cm®.s) = 8.77x 10 neutron/ s

Lrabliall Jaall B

e Alugs Jlaa

(Cyclotron) :(22)

(7. p) (7,n),(7,2n)
SMel

PI+y>"T+n+Q

30 25
1013

10MeV
O

O

[129,1301 05 10
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dx

T

A ol {
S
§—_9E
dx
—0E 4m’e'n|  2mc’p’
- In _
ox  me*p | 1(0-p°)
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p=vic

(8.71Z+52.8) (1.7Z+11.2) 19

13 13-2 1
LET = —(dE /dL)
dL dE
[82, 83]
ST
N SI = (dN / dx)
33.97 dx
(34eV /ip)
4.78MeV
226Ra
(4.78MeV /34eV) =140600ip =
Relative stopping power (S, ))
5
3
s, = Pau _ 2.669gf§cm _~ 2064
Lo 1.293x107g/cm
2100

2100
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C«

(Kerma)

(Kinetic energy released in material)

=

80-50 (5-7T)MeV
Bragg Peak U

e
{ iy Hray

Gla'“-'m"-"m'lfIII T -H""‘-u'w..
+ | S
g
do Proton "---.-;‘
. 20

o
13
{?"“} dlall C'E""' O O el

(1)

C«¢
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Ce¢

U
60 N U t
(2)
(Straggling)
(3)
R(Range) = 0.325E°"

E =2.12R*"
E

&) pla

Ll Jlas -
o= il il

(2)

R, =Pl pu) ¥ Rox |2 =32x107x Mg,
M“ pm
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R(Range) = 0.325E°% = 0.325(5)"'? = 3.6cm

R, =32x10"x /% x3.6cm=22.2x10""cm

IIID
1.0
e !
Rtissue = pai" Rair
ptisxue
M
R(p) = 77 xR, (F)
p=vi/c
R,(B)
2 1
T = Mc*( ~1)
1-4°
(4)
B

80Mev H*
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Mc?

Mc? =3x931MeV =2790MeV

80Mev yij
1
80 =2790(———-1)
J1-p5°
B> =0.055
1 B
1
T=931(——=-1)=26.7MeV
A 1-0.055
0.715g/cm’ (4)

3
R, (B)= > x0.715=0.536g /cm® = 0.536g / cm’

R =0.536¢cm

3.1x10% g

[139]

50 100
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[139]

10"

10°

._.
‘==

*

Range| g._-'c m=

|
L=

10

slall A& Glgi (s 2a

WATER

— CSDA Range
2 Projected Range

Th Energy (MeV) 10 w0

]

(—GEJ _4ﬂen{lnmcr T+ +F+(,b’)}

oxX )., mcp V21
T t=T/mc?
ey 1= p 1 [
Fo(p)=" +2(T+1)2[8 (2r+1)1n2}
. B’ 14 10 4
F =In2-—|23+ + +
(ﬁ) 24 T+2 (z‘+2)2 (z‘+2)3
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(- dE Jdx ),  ZE

(- dE /dx ), 800
8
[118] o)
y__ 6x107ZT
(1+6x10*)ZT
T

2.5

R _ 4 1 2E1.265—0.09541nE

InE =6.63-3.236(10.2146 —In R)""*
0.6

R=542E-133
2.5

R=0.53E-0.106
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ey
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Irve | Fgene? ety iy e
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MeV asdl

2.2

5

3

1.19g/cm
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2.2MeV

R — 412(2'2)1.265—0.0954111(2.2) — 106g/cm2

2
2
_ R _106glem 4 ¢o1em
p  1.19g/cm
0.5 @
0.465g /cm® 0.391 a

InE =6.63-3.236(10.2146—1n0.465)""* = 0.105

1.11MeV
.1.09MeV

(0 Ray)

(7)
Rdss b M
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v
V
EBU A Sk
Y U
E, (E,. =hv-E,) r E=hv
r
K,L,M ,N
Ionization
g gl it
1 (8)
V
. (Auger)
K L
L
o
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R

(0.5-1MeV)
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y a(l—cos 0)
1+ a(l—cos @)

1
I1+a(l—cosf)

' hv

hv'=hyv

cos¢ = (1+a)tan(@/2)

A 2

h

m,c

AA=A, -2, = (1-cos®)

C«

52

a=hv/myc’

180



C«

m,c’ /2

90

v v U .
90
90 : 90 )
Y
£ S
90 0
hv'=hv ! hv

1+ a(l—cosB) :1+a
a>>1

_ hv ‘
h'=——>or — hv=mc’
a

U 180
0.255MeV
0.511MeV

(321 0.255MeV

1.02MeV
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1.02MeV 9)

1.02MeV

0.511MeV !

0.511MeV

alectron I

pasitron

Sy =@
Befora After \

Energy = 2mgc 2 %&
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dx

(o)

e

dl

In Intensity

Thickness, x

~

a (11)

4

In/(x)-In/, =—x
I(x)=1,e"

U=T+0+K
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C«c

(4., 1 p)

/I en

C«¢
A
Q

=

O

C«¢

ﬂ@n

U, =p—(o,+xK, +others)

cm’lg

—~
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N
C«
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0.1

N B-Lead
A-Water E-edage, 88keV

Total attenuation

Total attenuation

Loguslp

Compion scatier

0.01 01 1 10 001 0.1 1 10
Energy MeV
(12)
B
"
K K r
N nl
U K

Probahility of Absorption

Energy

:(13)
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C«

C«

.[83]

Illeﬂ

6 E U 0
LET U
U
dE
LET = —(—),
dx
A
U (1)
0 U (1)
LET (keV | 1m) U (MeV)
55.2 0.0001
7.48 0.001
0.98 0.01
0.152 0.1
0.06 1
182 13.9 2
101 7.6 3
554 412 4
38.9 2.87 6
30.1 2.3 8
24.7 1.83 10
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N GN
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(AL Yy GNi3) 6 GN
E
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6
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w  35ev/ip
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U(3)
1
V =1IR
c 0
Q=Ne =CV
AC/C C AC
AV
AV = QXA_C
C C
or
AV =1IR ><£
C
C ]
AQ AV
Signal Current [
EEEE——
4—

— R § \% | AC electrometer
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VR (4)

R=v,+rC
dt

tHtttEbEE b

V,=IR(1—e"'*)
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(v=10m.s™")

_Ne (E/w)e” _ (2.86x10%)(1.6x107")

"™eec C 107

64

=4.58x107°V
e
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(1-1000)

(7)
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(discharge)
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U (Quenching)
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£ peaadl 24301
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(dead time)
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(Photocathode)
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Resolution AE
R= AE x100%
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O
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EF

(p — n Junction) (13)
0.5 (p—n)

0.5
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(radiochromic)

5
O
100 -3
) 250 50
(o) (
O 0
TLD 0 U G
r
U 300
5
(CaSO, : Mn) (LiF)
2 r
. (Mn) (CaF),)
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300

1000
(LiF)

C«¢

(°Li)

Albedo (n,@)
o
Annealing
) 400
¢
U TLD
1.2-0.1
0.1
7.4 8.1
EWN | GN 3
(o)
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O«

(n,7)

0.5
TLD

Albedo
0.5 2

1.7 0.1
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Microscope <

3 mSy reading
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241 239 235
(Po— Be,Ra — Be, Pu— Be)
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AN
(A D)
i a N 3
: (Exposure) E ANJ O
R
1928
ICRP
3.336x107°C
0.001293
oo A0
Am
m 0

1R =2.58x10*C/ kg
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O«

AQ

3.34x107°C

Am  0.001293g/cm’ xlem’ x10" kg / g

-4
R 2.58x107°C o

1

kg

1.6x107°C/ip

34

=2.58x10"c/kg =1R

34elV

=1.61x10"ip/ kg

R=1.61x10"ip/kgx34ev/ipx1.6x10" L& —8 76x10* L& =87.6 <5

85

87.6

1Gy =

(rep)
E
m
. m
J 10" erg
kg 10°'g

86

ev

g

kg

(Absorbed dose)

=10* € —100rad

:Equivalent Dose |

=\

g

C«



C«

) 0
(1991 60 Wg
U
U
U
H=0xD
H=w,xD
1Sy = M 100rem
kg
(1) 0
U (1)
U
(Wp)=0 E (Wp)=0 LET ( keV/um)
5 10 keV 1 3.5
10 keV100-10 2-1 7.0-3.5
20 keV2000-100 5-2 23-7.0
10 keV20000-2000 10-5 53-23
5 MeV20 20-10 175-53
20
1 1
(1)
3.5 U

175
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C¢
C«

Cc

=\

20

A

[83] W
:Effective Equivalent Dose Un
U
W
V
Wy a

0.2
0.12 W
0.12
0.12
0.12
0.05
0.05
0.05
0.05
0.05
0.01
0.01

0.05
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to+7T
Hy = [H()dt

ly

T H,
0 70F 50
0E O
1
dN
¢= da
4, = dNxhv _ dE
g da da
da &
N
¢= txa
E
be = xa
N
1/r*
(1)
70 ) 1/ p=0.0275cm/ g
' (
R NxE(MeV)x1.6x10"(erg/MeV)x0.0275cm” / g x3600s/ h

47> (100cm / m)x 87.6ergs/ g.R
_ 0.533xNxE

2

(R/h)

&9



3.7x10"

137

0.85 0.662
1 1

_ 1Cix3.7x10" p/sx0.85
47 (lem)’
2.503x10° p/cm’ s

¢

E, =¢xEx(ulp)=
2.5x10° p/cm’ s x0.662MeV x1.6x10 °erg / MeV x0.0293cm” / g x3600s/ h
=2.8x10%erg/g.h
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3.193 87.6erg/ g

1
(3) 0.319
(3)
I
1.37 60
1.427 132
0.592 192
0.319 137
0.759 85
A d
B I'x A4
(d)*
N U
1' 12 Srel.
Y
Y
B Rx87.6erg/ g.s
e 100ergs | g.s
1.12
Mo ! P
1
0.319 r (3)
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0.319R/h.Cix0.001Ci x87.6erg/ g.s
100ergs/ g.s

D . =1.12x =0.31mrad/h

tissue

0.662
% 85

( )

@, = ¢><Ep =1.66x10>*MeV /cm*.s
0.0323 u, ! p

_ 1.66x10° MeV /cm®.sx0.0323cm® / gx1.6 x10° erg / MeV x3600s/h

100ergs/ g.rad
0.31mrad

92



P!

Pl

AREA=A Q

_______ | __—O

— AREA=A"

A
v
A

P PA'L
P!

93




7
D, =¢><Ex(75 .

E=N,xW
w Ne
33

(1/p)

— (ll’lE /p)tissue D
(s p),

tissue g
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p =Sy _E Sy
S), ¢ m 'S

A Jifd)

. (KERMA : Kinetic energy released per unit mass)

( ) ( )
r
o
() (4)
V
3
4 Kerma .

duiad| dc yal
ol 5 2
RS
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1.5

Dmed = ¢(ﬁ)med X Eab& (hV)X1.6X1076 = K(l_g)
yo,

(point kernel)

X

_ 87.6x107° xR
air l—g
Se
e_/l’f
¢(x)=¢om
S (5)
A [
r
L1
Lo b P
v |
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¢L = i(tar171 A + tan71 ﬁ)
X X

A7

57.3

20 2
100

_ 20p/cm.s tan

_, 100 f
= + tan
47(100cm)

3.281fi

A

88.1° +86.24°

1.6x107(
57.3

S R
(6) x P

L 507t
3.281fi

g :(6)

S R?
¢D = TAln(l +x—2)

o, :S—Aln(R—) :for R >>x
2 X

97

)=

- Y=4.9x10"p/cm’ s

r’=x"+R’?

150



Di

U 1932
o
1)
L [118] Y ( 1)
Source Reaction Energy Range Average Energy
(MeV) (MeV)
("*Sb— Be) (7.m) * 0.024
(*'Y - Be) (7,n) * 0.16
(*Na-D,0)  (7.n) * 0.22
(24Na — Be) (y,n) * 0.83
(fission) (n,n) 0-8 2
CH-"H(D-D))  (d,n) * 327
(**Ra — Be) (a,n) 0-8 5
("Pu-Be)  (a.n) 0-8 45
**cf) (SF) 0-10 23
CH-H(D-T))  (d,n) * 14.1

*

SF: Spontaneous fission*
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( )

(°Be(d,n)'"Be)

10

. Spontaneous fission
(2.3x10") ( ) (*cf)
10
2.638

0.0253
0.0253
100 0.0253
10000-100
10-0.01

10

O
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0.0253
/2200

o(E) = (E) >

- E, (0(Ey) E (o(E))

10
0.333

o(E) = 03335, | 20233¢V 01185

20ev

|;|_|;|1' I”“EI.1 ' 1 T ‘IEiEI ‘IEIEI;:I
WAl [ev)
I (1)
&

100
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E—E‘=%(l—a)E

()
a=|—-:
A+1

(o) a
(E-E=1/2E)
1
32
E
1?':6.4\/E
A
14
3.2
7
x U
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I=1e™
X
N 1
>=No
Y cm™
cm’ /g X/ p
/2
0.1
34
2.54x10% atom/ cm’
> =2.54x102atom/cm® x3.4x107* em* / atom = 0.0864cm™
. 1/2=1/0.0864cm™ =11.6cm
6N U D
(3) )z
(
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18] 5 (3)
Nof o(cm?) f N(atoms/ g)

4.485%107 1.5x10  0-500 5.98x10%

4.628x107° 1.55x107* 0.111 2.69%10%2

1.5x107° 1.65x107* 0.142 6.41x10?

1.848x107* 1.0x107% 0.124 1.49%102

7.231x10°° 23x107* 0.080 3.03%10"

2,523)(10_6 2.8)(10724 0053 1,7)(1019

Total =0.051cm’ / g
14N(n,p)l4c IH(I’Z,]/)ZH
2.225
0.626
20
U
% 25
% 50
5
a 20 0.0511cm™
5 1.5

2.5 5.98x10* (3)
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) 5.98x10”atom/ g x1.5x10 cnt’ / atomx2.5MeVx1.6x10  erg/ MeV

D=1n/cm
100erg/ grad
=3.6x10"rad
e
(3) f
M
2M.
f= e
(M, +1)
)
o (
Nof (3) .
5 0.0512cm’/ g
2 —6
D= (In/cnm® x 0.0512cm” / g x5 MeVx1.6022x107 erg/ MeV A 1%10° rad
100 erg/ grad
% 12
% 88
0 A W U
2.225
0.626
D - pxNxo,xE x1.6022 x10erg / MeV x3600s/ h
P 100erg / g.rad
N 1.83

1.49x10*

D, (N)=¢x9.845x10" rad/ h
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10000

D,(N)= 10* x9.845x10* rad/ h = 0.98mrad/ h

¢, =10" x5.98x10™ atoms/ g x0.333x10™ cm’ | atom=198.5 photon/ s.g

198.5p/5.g x2.225MeV x0.278x1.6022x10erg/ MeV x3600s / h
D,(H)=
g 100erg / g.rad
=7.08mrad / h
2 0.626

D, =0Q0,xD,+0,xD,=2x098mrad [ h+1x7.08mrad / h =9.04mrem | h

4)
10 1987 112 (NCRP)
1993 CFR20
.2.5-2

1181
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m1 :(4)

(Imrem/ h) shw el (n/cm’.s) G Jaie  Gossl Ak

eV
NCRP 10 CFR 20

112 272 0.025
112 272 0.1
112 224 1
112 224 10
116 232 100
112 272 1000
120 280 10000

16 46 100000
6.4 10.8 500000
3.88 7.6 1000000
3.88 6.4 5000000
3.2 6.8 10000000
2.72 4.8 14000000

- 4.4 60000000

- 5.6 100000000

4.5 3x10'n/s
4.5 S
6.4n/cm’ /n 1 4)
fn 0.156
Do S(n/zs) « D(In) = 3x10"n/ s % 0.156(mre;n/h)/(n/cm2.s) _372mrem! h
v/ 47(100)
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0.48)

O

(
z
I=1e™
D (5)
D=D,e™
20
D=BxDje™
z
a
3x107n/s (Pu — Be)

25

107

4.5



0.5

0]

> =0.103cm™

/n

37.2

(5)

D =BxDye™ =5x372e %" 3" — 14 2mrem/ h

(cm™)

0.032
0.078
0.084
0.089
0.092
0.101
0.103
0.106
0.111
0.118
0.132
0.156
0.167
0.182

0.212

(*B(n,a), Li)

108

~r

o

- (5)

A Gnj



10 (BF;)

Q
Q (6)
(o]
200 239 235 233
(6)
Q | en)

BynslLiva 9% | 231 | T,=084 3840
T, =147
"B+ JLi +a 4% 279 r, =101
T, =178

TLi+n—>H+a 4.78 T, =2.73 940
T, =2.05

JHe+n—'H + p 0.765 T, =0.19 5330
T, =0.54
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Proportional courder
filled with Boron- 10

Cadmium loaded entiched BF; gas

polyethylene \‘\_‘

sphere !

(BF;)
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(aerosols)

62

111

U D:

O



0.5

O

40

15

DAC

112

3.8

=\

O



: 62 U i

1975 23 ICRP
U
o
U 66 30
Y 0
f 1700 ( 700 1T
20 10
i
(NP-nasal passage) (1)
DNP
DNP
3 < a b " G
D
Y D1y 11;
oA
{];4 c d P i EIE
I ]
D D
S
< € f
Lymph i, h g
nodes 1]

1979 30 ICRP
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(TB - trachea and bronchial tree)

(P - pulmonary parenchyma) 0.08 D,,

0.25 D,
(L - lymphaticsystem)

TB,P,L
N ICRP
30
(D —days,W —weeks,Y — years) — P-pulmonary
w 10 D
Y 100-10
S I
I I
F — fast
U S —slow M - moderate
(ST — stomach)
(LLI) (ULI) (SI-smallintestine)
(2)
.
(45)
) U
A
f =
b
U W
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T
15
o)
34047 1 Sr
R(7)
R(t) = 0.54¢™%
t 0.54
N
ol |
I
7\'B
F
L
| 4 L
)| |
Muu {}
| |
7\'LLI u
9 JCRP i(2)
. 62 Uq Kk
D
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C«

(1) Wy
HT
H, = Z weD
R
W, V
T U (2)
E
E=>wH,
T
g il s el Jalall Radiation Type and Energy
Wr
1 CEUall Caliday <l 63 5al)
1 el Caliday ¢ il g jaall 5 Ui lapua ¢ il g 5K
5 10 keV > &by sl
10 <l sl 10 keV — 100 keV €
20 @byl > 100 keV — 2 MeV
10 byl >2 MeV —20 MeV
5 byl >20 MeV
20 4551l < Uadil) o) 55 Wl Cilagun
B91990 60 ICRP 0
Wt Tissue or Organ
0.20 ( ) Gonads
0.12 ( ) Bone Marrow
0.12 ( ) Colon
0.12 ( )Lung
0.12 () Stomach
0.05 ( ) Bladder
0.05 () Breast
0.05 () Liver
0.05 () Esophagus
0.05 ( ) Thyroid
0.01 () Skin
0.01 ( ) Bone surface
0.05 ( ) Remainder
U e}
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to+T

H,.(r)= [H, (t)dt
0 70 50

ICRP (Dose Coefficient — h, (7))

1
H (7)) =1xh(7)

ALI - Annul Limit Intake
1

C
~

20
500
50

100

I> wyh,(t) <50mSv
T

1> w,h, (1) <20mSv
T

C«

1996 115

E, =H,(d)+> e, (g) <20mSv
7

Z e_/' (g)I = Z e(g)j,lﬂg]j,lng + Z e(g)_/,1r1h4lj,1nh4
J
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(@]

DAC

Ye, (gl H,(d)
> e(8) il e

Z e(g)j,lnh]j,lnh

ALI 1 DL

HP (d) + Z ]j,lng, +Z ]j,lnh‘ <
DI 7 ALI. 7 ALI.

J.Ing. J.Inh.

(DAC-Derived air concentration)

( /) ICRP
0.02
50 2000
DAC 8
ALI ALL

" (0.02m’ / min) x 2000hr x (60min/ hr) 2400

(S-Source)
U (T-Target)
AF
AF — Eabsorbed atT
emitted in §
1

SSE(T « S)
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JCRP
S T
hy =Y > U SSE(T « S),
N
S J Us,
US,/’ = J"]s,j ()dt
0
qs (1) = Activity
D‘SO,i
50 i
Hy, = ZQiD‘SO,i
(1) i -(Q=Wy)-0
T
HSO(T A S) ZQiD‘so(S (_T)
T U
j S
i SEE
-13
SEE(T « 5), MV 1'6“93 JIMeV. | 6x107" SEE(T « S),Sv
107kg/ g
1.6x107"
U S j U
j l HSO

H, (T < S)=1.6x IOIO[USZSEE(T «— S),} Sy

J

J
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Y Hy (T« S)= 1.6><10‘°Z[USZSEE(T «— S),} Sv
J J i i

J

S

Hy, =1.6x% IOIOZZ[USZSEE(T « S),} Sy
N i j

SEE
(0= WR)

SEE(T « ), = %ZY,.E,.AF(T « S),0.(MeV/g)

AF
M, M,
M,/ M,, S=WwB
0.2
8-6
0.2 o W
SEE
131
20
AF =1
E, =0.806/3=0.269MeV Y, =0.006
E, =0.606/3 = 0.202MeV Y, =0.994

: SEE 0=1
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SEE(Thy < Thy)

By g :L(0.006x0.269MeV><l><l+0.994><0.202MeV><1><1)
£ 20g

=0.01MeV /g =1.6x10"Sv/nt

SEE(Thy < Thy) (Thy < Thy)

]31](}/ ) ]311(7)

SEE(Thy <~ Thy).,,, :SEE(Thy<—Thy)m1(ﬁ,) + SEE(Thy < Thy)
=0.01MeV /g+0=0.01MeV / g

Bl

38 ICRP 0.19MeV

1983
_ 0.19MeV / nt
BB ce,Auger) 20g
=1.52x10"2Sv/nt

SEE(Thy < Thy) =9.5x10"MeV / g

AF =20g/68.83kg

_0.19MeV /nt _ 20g
BB~ ce,Auger) 20g 6883kg
=4.4x10"Sv/nt

SEE(Thy < WB) =2.76x107 MeV / kg

I

~r

o
(MIRD — Medical Int. Radiation Doses)
ICRP

U Rz

(@)
a

50 -
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b

ICRP

q,(?)

50

T

Us = Jq(nadt

0.25

:(3)
(1)
Ay a q,(1)
d .
%@ =1(t)- 2q,(1) - 2,4,(0)
b a b
% =bA,q,(t)—A,q,(t)— 4,q,(1)
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o]}

U,(T)=[q,(t)dt =

0.43

50

I:qa(o) t=0 I

V
d.
Z‘a - _(ﬂR + ﬂ“a )qg
qa (t) — Ie*(ﬂRJrl”)t
: b
d.
a?tb =bA,q,— (A +4,)q,
DAL
%(t):ﬁ(e (A2t _ o= h)ty
U
b a q@
U,(T)= .T[q ()dt = ;e*w%)t !
a o a iR +/1u )
= ] (1 _ e—(/IRJr/?.ﬂ)T)
A+ A,
b
bﬂa‘l ( 1_ e_(lRJr/la)T _ 1_ e_(’lR*lb)T )
Zb _ﬁ’a ﬂvR +ﬂ“a AR +2“b
50
y
025 ( )
9.8 b=0.22
144 (
0.255
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SEE

0693

A, =———=1.6day”
"T 043 4
A, = 0.693 =2.8day™
0.25
A,= _ 0695 _ 1.9x10* day™
9.8%x365
50

T =50x%x365 =l.8><104day
I =1Bq =1sec™'x86400sec/ day =8.6x10" day™

1 8.6x10*day™

U, = = —=2x10*
A+ A4,  (1.6+2.8)day
L =2 =7.5x10°
A =2, \ (A +2) (A + 4,)
SEE
70 WB
144 b

SEE(WB < WB) , = %ZYZ.EZAF(WB < WB),0,(MeV | g)

1
70000

(026x1x1)=3.7x10"°MeV / g
and
Hy,,, =1.6x10"°U SEE(WB < WB)
=1.6x10""x2x10*x3.7x10° =1.2x107" Sy

SEE(b < b) :ﬁ(0.26x1x1) =1.9x10" MeV / g
and
H,,, =1.6x10""U,SEE(b < b)

=1.6x10""x7.5%10° x1.9x107° =2.3x107 Sy
b
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1kBq
0.45
CB - cortical bone TB
BS - Bone surface
) 0.25 CB
0.25
0.5
0.45
: 1000 % 0.45
10005 x0.45x 5.1 22V
S des
— 48 MeV o 77nGys
S.g
_ TRTB
T AT,
MIRD
SPECT PET
Q
Dl

A(Gykg/Bg.s)=NxE =16x10"E

D'Gyls)=2F pa,
m

125

239P1/l

120

B

0.5%x0.25

5.1

[0.5%0.25(TB — BS) +0.5x0.25(CB — BS)]/120g



(t,2,)

D=[D(t)dt = MTAS (t)dt
0 m 0

[4,()dr=1
0

D= AZ%A,-
m
(4)
p=2
m
¢
D =AA¢
Ao
AR AB
Y:(4)
)
32 ICRU
¢ A
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A(D) = Aje7
AO

A=[Ade = (1= )
R B

-
R

m, @, A

D(r,)=Y 4,5(r, «r,)

D =A4S
D=(4,x7)S
99mTC m
3 % 95
MIRD
& 0
3 U
U U

C«
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: 62

TBS-Total body scan

(In vitro)

(In vivo)
AUnknown = CUnknown /K
A _ CUnknown
Unknown — “Tknown
known
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LLD- Lower Limit Detection
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Chelating agents

DTPA — diethylenetiamnepentaacetic — acid

O«

1
(34
Zn,Ca— DTPA Chelating
AV U
1 Ferric Ferro cyanide
Nal
14-7
65 130
Chelating
100 :
1
100/ 15
100
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Larynx = 5
y \‘\-BB\ Bronchus

Terminal
Bronchiole

Respiratory

.(ICRP,66) (1)
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1317 134 137 95 89 90 95 103 106 141 144
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.FWHM (1.8—2.2keV)
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. 1641("¥Cs) ® U (1)
e
% (mBgq/ kg) (mBq/ kg) ()
50.4 90.8 180 500
29.1 52.4 180 1500
20.6 37.0 180 3000
25.9 93.4 360 500
15.0 53.9 360 1500
10.6 38.1 360 3000
11.1 100.3 900 500
6.4 57.9 900 1500
45 40.9 900 3000
6.2 110.9 1800 500
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S:\/(h2+b2) :\/h2 +x*+(a+y)’
. dy
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dy 4nS’
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dr =%
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ACo) _va’p
dy dydx
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v
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X
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0]

200

D

Gamma

Slow neutrons

fast neutrons

Time Limit = ﬂ =5hours

20048v/ h

0.1 / 15

( )
Total dose rate =

=w,2.0mGy/h=1x2.0mGy/h=2.0mSv/h
+

=w,03mGy/h=6x03mGy/h=1.8mSv/h
+

=w,03mGy/h=20x0.1mGy/h=2.0mSv/h
=5.8mSv/h

2.0mSv

Time Limit = ———— = 0.34hours = 20min

=

5.8mSv/h

O
O«
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I(x) = Ioef’”’(’”x)

I Ly
X g x I,
(g/cni)
(g/ent) Hy
Hy (g/cnt)
() (

;uﬂ,air = 16(Eﬂ,max - 0'036)_1'4
/uﬁ,tixsue = 186(E max 0'036)71‘37

,Up,; :17(E ,max)_L14

1000
0.1 @ 2.7

2Me)
Hyqr = 172" =7.714

0.0lemx2.7g/cm’ =0.0274g / cm®

~r

. O
I(x) — Ioe’/uﬁ(px) — 10006—7.71401112/gx0A0274g/cm2 — 809.5,3/6‘1’}12.5'

G (2)
E
Z
Y
_ 6x10*EZ
1+6x10* EZ
0.33
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SH(E,,, =2.28Mev)  *P(E,,. =1.71Mev)

Air Absorber  Air Receptor
- 2 ] - 2
Source B
- O
O
—
—
< J < J
(2)
50 10 2p
1
(Ey =1.71Mev)
(1.25cm>/g) (0.8g/cm*) 0.93g/cm’
7.22
G (0.8g/cm?)
2
1257 %0935 =1.163cm™ = 0.86cm
g cm
0.333

0.6

-4
y_ 6x107 x1.71x7.22 =74x10""
1+6x10* x1.71x7.22

0.6 10

168



E, =10Cix3.7x10" Bgx 0.6Mev = 2.22x10" Mev/sec.

Y

YE, = 2.22x10" Mev/secx 7.4x107° =1.64x10° Mev/sec

1.5
(4m?) )
(
0 3.4x107°cm™ 75
:0.00129g / cm’®
9 -6 -5 -1
f:1.64x10 MeV/sx1.26x10 erg/MeV:3600y/hr><3.4x10 M TR By
47(150cm)” x0.00129g / cm” x87.8erg/(g/ R)
1
a
0.048cm’ / g 1.71MeV ulp
:0.55cm™ Y7 11.4g/cm’
R=Rje™
1=11.7¢"%
4.5 x
N NN e
A
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131 @ 10000
(5000)

In(0.5) =—u x1.31cm

_0.693
H 1.31cm

=0.5278cm™

Half —Value — Layer(HVL) a

10 _1_ pome oy =L =122
I, 2

Tenth —Value — Layer(TVL) u

In10 _ 2.3026
H H

TVL =
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Receptor

O

Source

vivl

Receptor

Source

1 / 800
200 ) 1
G / 150 /
1.47cm
-1
H= 2 _ 069135 0.47cm™
HVL 1.47cm
200 800 0 )
@ — 2“ = n= 2
200
a ) y
2.94cm 2
/ 150
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150 = 800"’

ln@ =-1.674=-047x
800

x=3.55cm

800 _
150

n

=]

nln2= ln@ =1.674
150

1.674
In2

n=

=2.4156 HVL

x=2.4156x1.47cm =3.55cm

U S& W IgE
. ( )
d
( Buildup — factor)
B
I(x)=BIl,e™"™

(1)

(1)
(Relaxation Lengths) 7.3

172

N



(1/e)

(10000 Photons / cm® .s)

2
-1
-2
0.472¢cm™
1(x) = 10000472 — 3890 photon | cm* s
1.0 0.5 0.944 Lx (1)
05 141
0944 1.8
1.0 185
: o

I(x) =1.8x3890="7000 photon/cm” s

=\
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Lx Buildup — factor (1)

Energy (MeV) 0.1 0.5 1 2 3 4 5 6 8 10

0.5 191 1.57 145 | 137 | 133 | 132 | 128 |126 |122 |1.19

1.0 ]2.86 2.28 199 | 1.78 168 | 162 [154 |149 |141 1.35

2.0 487 407 ] 326 | 266 | 238 | 219 2.04 | 194 | 176 | 1.64

3.0 707 | 635| 476 | 3.62| 311 | 278 | 254 | 237 211 ] 1.93

4.0 9471 9.14| 648 | 4.64| 386 | 338 | 3.04| 281 | 246 | 2.22

5.0 12.1 124 841 | 572 | 464 | 399 | 355| 326 | 2.82| 252

6.0 14.9 163 | 105| 686 | 544 | 461 | 408 | 3.72| 3.18 | 2.83

7.0 180 207 | 129 | 8.05| 626 | 524 | 461 | 419 355| 3.14

8.0 213 257 | 154 | 9.28 7.1 ] 588 | 5.14 | 466 | 392 | 3.46

Aluminum
(ux)

10.0 287 376 ] 21.0] 119] 883 | 7.18| 623 | 561 | 468 | 4.12

15.0 517 786 | 377 | 189 | 134 | 105 9.03 | 8.09| 6.64| 587

20.0 81.1 137 | 579 | 266 | 181 | 140 119 | 107 | 868 | 7.74

25.0 117 213 | 813 | 349 | 230 | 175 149 | 133 | 108 | 9.74

30.0 159 307 107 | 43.6| 281 | 21.0| 18.0| 16.0| 13.0| 11.8

0.5 1.26 148 | 141 135 132 1.3 ] 127 ] 1.25 122 | 1.19
1.0 14 199 1.8 | 171 | 1.64| 157 | 151 | 147] 139 | 133
2.0 1.61 312 | 285| 249 | 228 212 197 | 187 | 171 | 1.59
3.0 1.78 | 444 4] 334 296 | 268 | 246 23] 2.04| 186

4.0 194 596 53] 425 3.68| 329 | 298| 276 | 241 | 2.16

5.0 207 ] 768 | 674 | 522 | 445| 393 | 353 | 325| 281 2.5

g < | 6.0 22| 958 | 831 | 6.25| 525 46| 411 | 378 | 324 | 287
= 370 2.31 11.7 | 10.0 | 733 | 6.09| 531 | 473 | 433 | 371 | 3.27
8.0 241 140 11.8] 845| 696 | 6.05| 538 | 492 42| 3.71
10.0 2.61 19.1 | 158 | 188 8.8 76| 675 6.18 53| 4.69
15.0 301 | 351 | 275 | 174 | 138 ] 119| 107 ]| 985 | 8.64 | 7.88
20.0 333 | 554 | 413 | 246 | 194 | 168 | 152 | 142 | 129] 123
25.0 361 | 799 | 57.0| 325 | 254 | 22.1| 203 | 193 | 182 | 18.1
30.0 3.86 108 | 745 409 | 31.7 | 279 | 259 | 251 | 245] 25.7
0.5 237 |16 147 1138 | 134 | 131 | 1.28 | 127 | 1.23 | 1.2
1.0 455 1244 1208 | 183 | 1.71 | 163 |1.56 | 1.51 | 1.43 | 1.37
2.0 11.8 488 | 362 | 2.81| 246 | 224 | 2.08 | 1.97 1.8 | 1.68
3.0 23.8 8.35 55| 387 | 323 | 285| 258 | 241 | 215 | 1.97
4.0 41.3 12.8 | 7.68 | 4.98 4 346 | 3.08| 284 | 246 | 2.25
- 5.0 65.2 184 | 101 | 6.15| 48 | 4.07 | 3.58 | 3.27 | 2.82 | 2.53
g <| 6.0 96.7 250 | 12.8| 7.38 | 561 | 4.68 | 4.08 3.7] 3.15 2.8
g 70 137 32.7 | 15.8 | 8.65 | 6.43 53| 458 | 412 | 348 | 3.07
8.0 187 415| 19.0] 997 | 727 | 592 | 5.07 | 454 3.8 | 3.34
10.0 321 629 | 261 | 12.7 | 897 | 7.16 | 6.05| 537 | 4.44 | 3.86
15.0 938 139 | 477 ] 201 | 13.3 | 10.3| 849 | 741 | 599 | 5.14
20.0 | 2170 252 | 74.0 28| 17.8 | 134 | 109 | 942 | 749 | 6.38
25.0 | 4360 403 | 104 | 36.5| 224 | 16,5 133 | 114 | 896 | 7.59
30.0 | 7970 594 | 1391 | 45.2 | 271 | 19.7| 15.7 | 13.3 | 104 | 8.78
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(1)

05 | 1.89 [ 157 | 1.45]| 1.37 [ 1.33 | 1.31] 1.27 | 1.26 | 1.22 | 1.19
1.0 | 278 [ 227 | 1.98| 1.77 | 1.67 | 1.61 | 1563 | 1.49| 1.41| 1.35
20 | 463 | 403| 324 | 2.65| 2.38 | 2.18 | 2.04 | 1.93 | 1.76 | 1.64
30 | 663 | 626 472| 36 3.09 | 2.77 | 253 | 237 | 2.11| 1.93
o 40 | 88 | 897| 642 | 461 3.84 | 337 | 3.03| 28| 245 2.22
= 50 | 111 | 12.2| 833 | 568 | 461 | 3.98 | 3.54 | 3.25| 2.81 | 2.51
S x| 6.0 | 136 | 159 | 104 | 6.8| 54 | 46| 405| 3.69| 3.16 | 2.8
€ 370 | 163 | 202 127 7.97 | 6.2 | 523 | 457 | 414 | 351 | 3.1
8 80 | 192 | 250 15.2| 918 | 7.03 | 586 | 5.09 | 4.6 | 3.87 | 3.4
10.0 | 256 | 36.4 | 20.7 | 11.7 | 8.71 | 7.15 | 6.15 | 552 | 4.59 | 4.01
15.0 | 449 | 756 | 37.2| 186 | 13.1 | 10.5 | 8.85| 7.86 | 6.43 | 5.57
200 | 691 | 131| 571 | 26.0 | 17.7 | 139 | 11.6 | 10.2 | 831 | 7.19
250 | 979 | 203 | 801 | 33.9 | 225 | 17.4 | 144 | 12.7 | 10.2 | 8.86
300 | 131 | 290 | 106 | 422 27.4 | 209 | 17.3| 152 | 12.2| 106
05 | 151 | 114 12] 1.21] 1.23 | 1.21 | 1.25] 1.26| 1.3 | 1.28
1.0 | 204 | 124 138 14| 14 | 1.36] 1.41| 142 | 1.51 | 1.51
20 | 339 [ 139 168 1.76 | 1.73 | 167 | 1.71 | 1.73| 1.9 2.01
30 | 56 | 152] 1.95| 214| 21 | 2.02 | 2.05| 2.08| 2.36 | 2.63
40 | 959 | 162 219| 252 | 25 | 24| 244 | 249 2.91| 3.42
50 | 170 | 1.71] 243 | 2.91] 293 | 2.82 | 2.88 | 2.96 | 3.59 | 4.45
T [ 60| 306 | 18| 266 332 34 | 308|338 | 351 441 573
© = 7.0 | 549 | 1.88] 289 3.74 | 3.89 | 3.79|3.93 | 413 | 539 7.37
— 80 | 947 [ 1.95| 31| 417 | 441 | 435|456 | 484 | 6.58 | 9.44
10.0 | 294 | 21| 351 507 | 556 | 5.61]6.03 | 6.61 | 9.73| 15.4
15.0 | 5800 | 2.39 | 4.45 | 7.44 | 891 | 9.73 | 11.4 | 13.7 | 251 | 50.8
200 | 13.105 | 264 | 527 | 9.98 | 12.9 | 154 | 19.9 | 266 | 62.0 | 161
250 | 23100 | 285 | 598 | 12.6 | 17.5 | 23.0 | 329 | 496 | 148 | 495
300 | gge1o’ | 3.02 | 6.64 225 | 326|522 | 889 | 344 | 1470
2 g

/ 2.5 10
% 82 3.52 “K

% 18

% 82

% 18

1.52

' =0.5xCE=0.5x10Cix(0.18x1.52MeV) = 1.37R/hr

0.536¢cm™
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Lx

2.5mR/ hr =1370mR | hre 3%

x=11.8cm

11.8+1.29=13.1cm

(et}

(1)

36¢cm

(et}

~

u

10 =0.536x13.1=7.02
o) B=335

1=3.35%x1370e"* =4.1mR / hr

~

y u
/ 2.4
2.4
e ==t Ly 20.536=
a1 7 Hx

7.56cm = (0.536+7.02)

3.53 (

1=3.53x1370e " =2.52 mR/ hr

144

176

2 Na
1.37
20

0.061cm™

2.75

0.043c¢m™



(_ 05xCE _ 05x144Cix (2.75MeV)

. = 5.5R/hr
6 36

20mR / hr = (5500 mR / hr)x e *”
Hx =5.62
x =130 .1cm

2.8 6 5 X
L 0.693x 2.8 =1.98 P Xos =0.693/ 1
o 7.5 7.6

[ =]

[, = 7.5%5500 78 g0 g MR
' hr hr

=]

0.1x

/ 18.5 7.44 7.7
1.37

10.9 0.043 0.061 7.7

6 24.8

f = 05xCE _ 05x144 Cix(13TMeV) _ o 0

6’ 36

[, =24.8x2740 8 o100 1 55 MR

hr hr
/ 19.8
0.043 7.7

=
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19.8 x (@)2 =222mR / hr
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500
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K —Transmitted Factor
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(weekly wakload) -2

179



Ya

Ya

T £ -4
. (2)
( % ) d -5
K
E
wur
t :(2)
T=1
T=Y
U T=1/16
220 125
] 90
4.5
P=0.002R
d=4.5m E 3 U=1/3
K W =220mAx1.5min. = 330mA.min/ wk
2
_ 0002x(33)" _ 5 107 at1m.
330x1/3x1/4 mA. min

20.3 1.8 G (5)
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3
{
0.1R/ hr
500 )
% 0.1 1R/ hr
0 Yt
t
d
Yt -
60d?
T P
3 YiT 3 60IPd’
60d* Ywr
B
N InB _ InB
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]

a (3)
a ( ) a(3)
TVL (cm) TVL (cm) HVL (cm) TVL (mm) HVL (mm) kVp kV
Steel Concrete Concrete Lead Lead
p=3.35 p =3.35 p =3.35 p=11.3 p=113
glcm® glcm® glcm® g/cm® glcm®
1.5 0.43 0.17 0.06 50
2.8 0.84 0.25 0.17 70
5.3 1.6 0.88 0.27 100
6.6 2.0 0.93 0.28 125
7.4 2.24 0.99 0.3 150
8.4 2.5 1.7 0.52 200
94 2.8 2.9 0.88 250
10.4 3.1 4.8 1.47 300
10.9 3.3 8.3 2.5 400
11.7 3.6 11.9 3.6 500
4.5 14.7 4.4 26 7.9 1000
6.8 21 6.4 42 12.5 2000
8.5 24.5 7.4 48.5 14.5 3000
9.1 29.2 8.8 53 16 4000
9.9 34.5 10.4 56 16.9 6000
10.3 37.8 114 56 16.9 8000
10.5 39.6 11.9 55 16.9 10000
10.9 445 55 18000
11 45.7 55 20000
11 47 55 24000
5.3 15.7 4.8 21.6 6.5 Cs- 137
6.9 20.6 6.2 40 12 Co- 60
290 26
a /. 24000
3
/ 1 Y 500

(P=0002) (T=1)
B /. 24000
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X X U. X
B 6015240(:)8221 "= 1175107
In(1.17x107
- 0.693 F=o7
1.3mm (3) 290
13
5
K
1000 .
1000 K 90
a
! K
S
/ (KVp)
1 500
20 1000
300 2000
700 3000
K
1
Pxd!xd’
k= ax fWT
d (O )
80 d,
0.001 90 a
«  1000Pd’

wT
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O

K
k- 1000x0.002x9 _ o o
1x24000x1
6 (6) 8
(3)
5
0 3 Y
0
TR 6 ) 3
RA AN b A N o q W
U
(NCRP)
1977 51 1976 49
£
v
o}
¢
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%10

10400

W=PxdxwxD

w d
o
I/Vldlz = VVzdz2
E 3
.9)
a
e wur, /afz)2
H
T U
20
107°
2" 0] 10"
a
. In4  InA
In10 2.3
10 ®
4
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0.001 H

(d, /d,) 7 v, 0.000333 1/3
4 S  (1/4)? =0.0625
10400 0.25x0.25x 0.0625 _ ..
0.00033

_In4 _ Inl23106 _
In10 23

10 G0
(i 200 (3)

5.1

0]

(40 x 40)cm’®
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e

B WUT(dl/dz)2 <L
H
(1241251 () 001

A

alygdll Ji g gall  ginpe

123 & 5l i yn
il pa il

o -
il gl o (Ball pia e
U (10)
0
0 o
D, B
2 2
B=(1.67 xlo—S)M
xax A, xT
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90

(O ) db dt
a ( ) Ay E 3
(5)
(7)
3 0.5 -
) o
500 (
] 180 250
10 3 -
90 r 0.5
a -
0.01 10
G (11) ( V) U
r U
a (5)
() kVp (Kv)
135 90 60 45 30
0.001 0.00035 0.00025 0.0002 0.0005 50
0.0013 0.0005 0.00035 0.00035 0.000065 70
0.0022 0.0013 0.0012 0.0012 0.0015 100
0.0025 0.0015 0.0015 0.0015 0.0018 125
0.0026 0.0016 0.0016 0.0016 0.002 150
0.0028 0.0019 0.0019 0.002 0.0024 200
0.0028 0.0019 0.0019 0.0021 0.0025 250
0.0028 0.0019 0.002 0.0022 0.0026 300
- _ - 0.0027 - 4000
0.0004 0.0006 0.0011 0.0018 0.004 6000
0.0019 0.0028 0.0041 0.005 0.0065 Cs- 137
0.0006 0.0009 0.0023 0.0036 0.006 Co- 60
o
33 U
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Y 1982
% 10 U

O
O

a 3 D (20 x 20)cm?
4 % 0.1 90 0.0006
EF
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D
D] :DS +DL :d_Z(alAl +L):

1

3Gy x 60 mi
wx(0.0006+10’3) —18x107° Svi™
% D, D, EF
20 0.51 0.022
(3.5mx3.3m) §
a, A
l)2 =D1 2 - 2 _
2
18107 x 0'022232'3”’5 Svh™ =127 uSvh™
a A
D3 =D2 3 - 3 _
3
0.022x4.3%x3.5
127 x oh = 6uSvh”
o uS
GH
6.7 475 G 1.5 @
Dx107" 3x60x107*7° )
DT = dZ — 672 :71,LLSVh 1
3.5mx3.5m 4
1.21Svh™!
10
12 0
(o)
¢SC ¢dir
aQ aQ
= 4+ o= +54_
I =P 0 = S
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Safety
Fundamentals

Safety
Requirements

Radiation Protection and the
Safety of Radiation Sources

Safety Series Mo, 120

International Basic Safety Standards

for Protection against lonizing
Radiation and for the Safety of
Radiation Sources

Safaty Series Mo. 115

Safety
Guides
Asmassmant of Asszassmeant of
Oceupational Exposure Oceupational Oecupational Exposure
dueto Radiation Protection due to
External Sourcas of Intakes of
Radiation Radionuclides
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1-0.05

50 . 6

150
50 20
50 20 U 100
U
50 . U 100
5 U O 1
1 U
50 15
0 o 5
: Er
ET = H(P) (d)+ Z e(g) j.ing I_/',ing + Z e(g)j,inh ]j,inh
n H, (d)
e(g)j,inh e(g)j,ing
j J.ing [j,inh
U H, (d)
U H,,(0.07) 0.07
0.07
H,,(10) 10 H,(3)
.60 ICRP
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1000

S| U Dz
IAEA BBS
.(H, —equivalent dose) (E — Effective dose)
.D K i/
(H'(d) — ambient dose equivalent) n ICRU
-H ,(d) n (H (d,Q) — Directional dose equivalent)
54 ICRU 74 ICRP
Wy (2)
Fhysical quemtities Favticle fluence &
Eevma K And absorbed dose D
Caculated \ caculated
Cperafional quariifies,

Pratection Quantities Organ absorbed dose I *
Orean equivalent dose Hi dnd Effective dose § C'ompc:red H (d}* H(d’ ‘Q)’ Hp(dj
Ey Measir ement

Calibration
and Caculation

Movitored quariifies
Dsfrument respomses
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H,(0.07)
U

.H ,(10)

O

H,(10)

H,(10) 15keV

(fading) U 0

O«

s U d

.H ,(0.07) H ,(10)

H,(0.07)

. (extremity dosimeter)
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TLD

albedo

.H ,(10)

(RPL - radiophoto luminescent glass)

TLD
0.07 dn

Cec

=
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5nj U Di

1997 75 ICRP
2o) %95 %10
1.5
%50+ 33-
% 10 1
L
R
ReLx Monitoring period in months
12
1
0.25 1 ( ) 0.08
1.5
RUL
H
Ry, =1.5x|1+—>—
v X[ ’ 2H, + HJ
HO Hl
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0 for H <H,
R, =11 2H
Mool x| 1+ —2—, forH, > H,
1.5 H,+H,
) B)
1.5
U
O
(fading) U U
U
U U
() 2.0 -
3 1.5 B R
1.0
505 ,/s; =
= -
l:ll:l IIlIIII(J'(IIIHII i 4 1aiin IR
0.01 0.1 1 10 100
Dose equivalent, Hp{1 ) fmSw
by 2.0 =
(6] S
315 [~
1.0
% 0.5 f:/:-/-';:’..;':__,_.,___-—
E l:ll:l [ AETET U{Ifﬁ:‘ L iuiiil P EETT
0.l 1 10 100 1000
Dose equivalent, Hp(D.07y{mSv)
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N (30 %30 15)cm’

.(ICRP-74,ICRU-57)

0 ISO
(4-a)
monitor — chamber
2
a  Dosimeter for
: ¢ measurement
Sl i af K
padl T T T =~ bearmn axis
E Manitar
E Chamber
i
Du:usimete-:r
Juadll beam axis
padl T T T - - beam axis
E Wonitar : Dosimeters on
Charmber i bear axis
' At least 2m :
:(4)
(D)
(K,)—air — Kerma
(K,) : 2
H,i'10,m) (1)
(K, xC)/D
(H) (4-b) (@)
(HxD)/(Ka x C) r
. HP(IO,O() (H)
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(ICRU slab) H ,(10,0") K (1)

a

Energy HA100°VEq Ratio A7(10,00/H7{10,0°) for angles o

(MeV)  (Sv/Gy) e 150 3 45 6 750
0.010 0.009 1.000 0.889 0.556 0.222 0.000 0.000
0.015 0.264 1.000 0.966 0.822 0.576 0.261 0.030
0.020 0.611 1.000 0.982 0.913 0.763 0.520 0.167
0.030 1.112 1.000 0.984 0.950 0.868 0.716 0.411
0.040 1.490 1.000 0.986 0.959 0.894 0.760 0.494
0.050 1.766 1.000 0.988 0.963 0.891 0.779 0.526
0.060 1.892 1.000 0.988 0.969 0.911 0.793 0.561
0.080 1.903 1.000 0.997 0.970 0.919 0.809 0.594
0.100 1.811 1.000 0.992 0.972 0.927 0.834 0.612
0.200 1.492 1.000 0.997 0.991 0.959 0.900 0.724
0.300 1.369 1.000 1.000 0.996 0.984 0.931 0.771
0.400 1.300 1.000 1.004 1.001 0.993 0.955 0.814
0.500 1.256 1.000 1.005 1.002 1.001 0.968 0.846
0.600 1.226 1.000 1.005 1.004 1.003 0.975 0.868
0.800 1.190 1.000 1.001 1.003 1.007 1.987 0.892
1.0 1.167 1.000 1.000 0.996 1.009 0.990 0.910
1.5 1.139 1.000 1.002 1.003 1.006 0.997 0.934
3.0 1.117 1.000 1.005 1.010 0.998 0.998 0.958
6.0 1.109 1.000 1.003 1.003 0.992 0.997 0.995
10.0 1.111 1.000 0.998 0.995 0.989 0.992 0.966
(ICRU slab) H (0.07,0") K, :(2)
Hr(0.070%Ka Ratio H7(0.07,0)/H 70.07,0% for angles c
(MeV) (Sv/Gy) (1 15° ane 450 a0° 750
0.005 0.750 1.000 0.991 0.956 0.895 0.769 0.457
0.010 0.947 1.000 0.996 0.994 0.987 0.964 0.904
0.020 1.045 1.000 0.996 0.996 0.987 0.982 0.948
0.030 1.230 1.000 0.990 0.989 0.972 0.946 0.897
0.040 1.444 1.000 0.994 0.990 0.965 0.923 0.857
0.050 1.632 1.000 0.994 0.979 0.954 0.907 0.828
0.060 1.716 1.000 0.995 0.984 0.961 0.913 0.837
0.080 1.732 1.000 0.994 0.991 0.966 0.927 0.855
0.100 1.669 1.000 0.993 0.990 0.973 0.946 0.887
0.150 1.518 1.000 1.001 1.005 0.995 0.977 0.950
0.200 1.432 1.000 1.001 1.001 1.003 0.997 0.981
0.300 1.336 1.000 1.002 1.007 1.010 1.019 1.013
0.400 1.280 1.000 1.002 1.009 1.016 1.032 1.035
0.500 1.244 1.000 1.002 1.008 1.020 1.040 1.054
0.600 1.220 1.000 1.003 1.009 1.019 1.043 1.057
0.800 1.189 1.000 1.001 1.008 1.019 1.043 1.062

1.000 1.173 1.000 1.002 1.005 1.016 1.038 1.060
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(Reference Instrument)
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(Reference source)
(Tertiary) (SSDL)
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(N-Calibration factor)
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7.3

30

1(%) =

ISO — Water Pillar

1.9

R¢’H
Mo M
@ H
%90
( ¢ ) h,
: H
H
hk = K—a
H n ¢
i
¢ ~
1(%) U
H=M  100%
Overload
o HVL G w
n
ISO
(1-a) (30x30x15)
(1-b) 30

1SO — PMMA rod phantom

(1-c)
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(a)

W phantoms (1)

C«c

A6 A On g i

'
'
e
no3 1/ 1 30 ICRU
%2.6 %11.1 %10.1 %76.2

(ICRU —tissue)
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(1)

(16 SRS ) (1)

Standand test conditions

I Fusnce quantilics Refercnce comlitions . LI
(unless otherwise indicated)

Pheton madistion el o) g
Mewtron radiation = A Pt A am Be
Bela radiation R ek gy
Surfaes contamination

Rieia mdiation Ty ey

Alpha radiation Mam Ham
Phantoorm (only in the cose Whem = 30 cm = 13 om slab of 1503 water slab phontom
of personal dosimeters) ICRL tissue (for whole body

dosimctens)

Right circular cylinder of ICREU IS Crswater pillar phantorm
Hasue of 73 mm diameter ond
300 mm length { far wrist or
ankle dogimeters)

Right areular cylinder of FCRL 130 PMMA rod phantom
Lissue of 19 mm dameter and
300 mum length (For fmger

dosimetans)
Angle of mdation i.n.:in.'l-,mcq!h o =10~ A=0 457
Comammation by Mewligible Megligible
raclsomctive clements
Radiation background Aumbient dosc equivalent mate Arnbicnt dose equivalent rate
FEL0 0,0 pSvhor less =100 bess than
il practical 025 pSh !
(16 SRS ) ()
[nfluence quantities Reference conditions  standard test concdibions
{unless otherwise indicated)
Ambient temperatures 20 |B-228 %0
Relative humidity 6% S0-T5md
Atmospheric pressure 101.3 kPa Bh—106 kPasd
Stabilization time 15 min =15 min
Porweer supply voltage Mominal power supply voltage Nominal power supply voltage £3%
Frequency® Nominal frequency Mominal frequency +1%
AC power supply Sinusoidal Sinuscidal with distortion Jess than 5%
Electromagnetic ficld of Megligible Less than the lowest value

external origin that causes interference

Magnetic induction of external origin Meglgible Le=s than twice the value of
the earth’s magnetic field

Aszembly controls Set-up for normal operation Set-up for normal operation
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Ak Uk
R
U
M, h H
H=hN,M,
h=1
H(d) n K, h
% 2
(2)
1 R
0 N, H
N, = H
hM
N[
N, = H
MI
N =N hM
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el
w B 5 -
5 L — H{1/k5
= M === H(0.07)Ka
= 02
|1|:|-IIIIII Lol L 1ol L1
10 100 1004 keV
Eph. —*
n n h (3)

M — Monitor
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H
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M, | r
H
N, = f ; N, =|—
M, |, M, |
. H2 Hl

214



O

N, = H
MI
5
U.
U
overload
it oM D UAt A
n
H'(10)
4 )
a 250keV
1.33MeV PMMA 1.5 (i 0.662MeV
)
5
k, k k. ky
H =hN, (M, —M )k, k. k.kk,
M, M,
( U)
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U D_(0.07)
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e
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:(3)

Radionuclide Max.energy sonmee encapaulation Calibodis S.to fil.dist.  Filler material and J}'rf}_fj:,?j-ﬂ ]
kWi (mg-em-2) fem {em) dimensions (pEv-ht-Bg
137py 225 5 20 10 One disc of polyethylens §
- radius 5 cm- 14 mgem-=
(5w ) hele radins 0,975 cm
204 263 mn in 4] Twi comeeniric dises, i1
P oni dise of polyethylang of 4 cm
7 mgom 2 one dise 2.7 5em, 25 mg-om ™
g ¢ Ky 7774 S0 silvery or 50 (silvery 30 101 Thras concantric discs i &5
plus 850 (slecl) of polyethyleng each 25 mg-em-—>,
radii 2. 3 and 5 cm 40

AT N 4
&HJ.M &m-)a.d ]
Beam flattening filter

Jig —

A gl ) gal

10 o

O

75
50

10
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H,(10)/¢

.(8) (7)
1000

(] = a

> 5 |
[¥))]
o

& 100F E

S .

n o .

10¢ -

B | ! | 1 1 L 1 | | 1 1 | ]

10 10 10% 10¢ 1 MeV 102
Eﬂ
(7)
1.2 T

00 .-.I |°I IHI I.__I |°| |HI Iol - - |°
0O 10 20 30 40 50 60 70 80 90
o —m=
:(8)
D,0 252Cf
Isotopic  Source U
(a,n) Pt
(4) **Pu — Be
B, U

dQ dB

219

! 4m — Be



4)

Neutron dose Photon dose
g ¥ Half-life  Energy? Neutron yvield  equivalent rate equivalent rate
Source! :
id) iMeV) (s MBg) constant constant
(Sv-h l-m2MBg DiSvh bmiMBg )
B2Cf+D,0 068 (.54 2 x 101204 5an 0.9 Moderator
i diameter 30 cm)
By 0HE 2.4 23w |ol2e 22 1.1
241 - 7 TR o 3 . Ty
Am-B (yv.n) 157, 78R 2.8 | & 1.8 = [0 T = 10
MMam—Beiy.n) 157, 788 4.4 (ili] 7w g0 7w 1010
Conversion cosfficient

Radicnuclide source

eI (pSy-em ™) Slab phantom I.l'l,,r.l'f.'.l.-'riﬂ ipSvem )

H2CF + 15 em D,0 moderator 105 110
pExreNS 385 400
Ham-B () 408 426
24 m_Be {y.n) 301 411

2
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(Theory of Dual Radiation Action)
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Cc
Cec

SNy Se Sh

Cc

H,O0—>H,0" +e
H,O0®' > H"+0OH

H,O+e —» H,0°
H,OO >H+0OH"

107" 107"

: 107" -10"°
OH +OH — H,0,
H+0,—>H,0

sub — excitation

~—
N

(141)
e, —>nH,0 — €.

OH
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1895
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() ()
il {a) i
(1)
(Cathode) (Filament)
U (Anode)

(target)
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C«c

25

(air-gap)
(Anti-scatter Grid)

O«

X-Ray Tuhe

®-Ray detector

o
o
Grid
- = Screen
L Pl ﬁ
} Film

Casstte or image intensifier

m}¢|¢;ug5n44;uﬁh
SzaGall ELedY

:(4)
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~

. (The Image Receptor) 02k N R

-

.(fluoroscopic images) 1

O«

(output phosphor)

50

(intensifying screen)

|
o
159 S
o
(r )
U (image intensifier)
(input phosphor)
h
U (5)
]
o U
[59] 10
.0 £
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X-Ray g R E—
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Input ¥4 phosphor
Phosphor¥s o gl Aiuly
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-y,
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-
-
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e gl iiuls
1 ¥ i
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Photocathode Electrostatic = sl oladl
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/71,000 light
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.60 ICRP
(1)
Weekly Design Dose (uSv)
a8l 3lliall (Controlled Areas) 100
sasall ye 3hliall (Unclassified Areas) 20
5n AN N
(2)
( )
ICRP
o
o
) a
60
U ICRP
0ot 5n M N
o
(lead vinyl)

W

0
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C«

(dislocation congenital)
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(2)

Absorbed Dose (mGy)

X—Ray. Active Bone | Breasts | Uterus | Thyroid Gonads Effective dose

Examination marrow (Ovaries, testes) (mSv)
Chest 0.04 0.09 * 0.02 L 0.04
CT Chest 5.9 21 0.06 2.3 0.08, * 7.8
Skull 0.2 * * 0.4 L 0.1
CT head 2.7 0.03 * 1.9 L 1.8
Abdomen 04 0.03 2.9 * 22,04 1.2
CT abdomen 5.6 0.7 8.0 0.05 8.0, 0.07 7.6
Thoracic spine 0.7 1.3 * 1.5 L 1.0
Lumber spine 14 0.07 3.5 * 4.3, 0.06 2.1
Pelvis 0.2 * 1.7 * 1.2,4.6 1.1
CT Pelvis 5.6 0.03 26 * 23,17 71
Intravenous Autography 1.9 3.9 3.6 0.4 3.6,4.3 4.2
Barium enema 8.2 0.7 16 0.2 16, 3,4 8.7
Mammography * 2 * * * 0.1

e *:lessthan 0.01mGy;
e Source: National Survey of Doses to Patient Undergoing a Selection of Routine X-Ray Examinations in English
Hospital (NRPB-R200, 1986, NRPB-R249,1991)

o 5
o U O o
o o 6
o ' o O
[146]
o o o 7
.(magnification) (distortion)
G .8
g )
’
5 9

"In Australian recommendations the distance is 30 cm.
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C«c

o
3
: (3)
. X-Ray Tube Voltage (kVp) Minimum HVL (mm Al)
50 1.5
60 1.8
70 21
80 2.3
90 25
100 2.7
110 3.0
120 3.2
130 3.5
140 3.8
150 4.1
(Quality assurance)
(4)
o 0
1(4)
QA Test Acceptance Regular QA

X-ray tube focal spot

KVp accuracy and reproducibility

Timer accuracy and reproducibility

Linearity of radiation output
Beam HVL
X-Ray beam/light beam coincidence
Fluoroscopy patient dose rates

Fluoroscopy resolution

AV NN N N N N N

Tube change
Annually
Annually
Annually

Tube change
Annually
Annually
Annually

243
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A1

12
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S VR S V).
o
IAEA o
(o)
(mAs) (KVp)
(focal spot size) o (o)
(o)
O (6 ) N
(Acrylic) n
(TLD) (10-30 cc)
V
.(1 R =10.87 rad in air) 0.87 Y
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(5)

U
1591 [AEA o (5)
Procedure Skin Absorbed Dose/ Radiograph

(mGy)

Lumbar spine (AP, Lat) 10, 30

Abdomen AP 10

Pelvis AP 10

Hip AP 10

Thoracic spine (AP, Lat) 7,20

Dental Periapical , AP 7,5

Chest (AP, Lat) 04,15

Skull (AP, Lat) 53

Head CT 50 (multiple scan average dose -
MSAD)

Lumbar spine CT 35 (MSAD)

Abdominal CT 25 (MSAD)

Mammaography no grid 1.0*

(cranio-caudal)  with grid 3.0

Fluoroscopy normal operation 25 mGy/min

High dose rate 100

* (mean glandular dose, 50:50 breast, 4.5 cm compressed thickness)

]
300

30

-

(automatic exposure)
(image intensifier)
.(mAs)

—

(kVp)
30

O
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—\

- 200 cc

O«

50

100

50
150
N gy EN o q
2 100
5
3 2
1 -500 cc
500 cc
U
AB,C,D,E,F (8)
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200 500 50

1.5
Sy
A }iuﬁv 1 >B

0.5)*
0.5) =125uGy

D, =500uGy x R

1m

1.5
112—55,uGy x60x 60 =300mGy

200 2

200
300mGy x —2— = 3.0mG
Y %00 T

2 1)
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(radiopharmaceuticals)

O«

O«

nj Dz
P N

.(Unsealed)

O«

o)
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(in vivo)

O«

(photomultiplier)

- (Gamma camera imaging) S 3 U

(in vitro)

(Gamma Camera)

. (Radioimmunoassay)

(Nal)

O

(collimator)

C«

O

Ais Ll o gl
o gl

a,b

O
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U
pSuT k P 5 M
1
.
T06 o
U
e
( )
U U ®
() o
(‘j 131[ 125[ 67Ga
(monoclonal antibodies)  (peptides)
1231 99TC
511 300-100 !
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(99171 TC,201 Tl,]311,67 Ga)

(PET) (89Sr,mln,123])
o
% 90
% 90
(2) 131[
Mo-99 66,7h I-151[ &.05d]
N
\ Sammas Gammas
’
Te-99m[6h] 364key
140key
Tc-99 hd ®e-131 vy |V
Sy (2)
P M
nj SuT AR5
o o
(intravenais injection) o
® U

66.7
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O

(pertechnetate)

3
o
(sulphur colloid) (DTPA, DMSA, MAG3)
(phosphates, phosphonates) (HMPAO)
L gl
saldl
- Fadl
L il

Mo-29._ | s
+ el sy S
Tec-99m

c.uaﬁl el g

#lagtl Os gl
Te-99m
(3)
(MBgq/mlL)
(dose calibrator)
. %10
o
.(Tc-99m DTPA) o
P aUt
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O

O

O

(SPECT)

(Gated studies)
a
B2 E UEMWN O
S BE UOK
o S (o)
r
@)
(1GBq)
(1) 20 (5 - KeV)
[36] (1)
Radionuclide  T20 (8 > 20 keV) DeEtt, 10mm soft tissue
uGy/h at 1m from 1GBq  (uSv/h at 1m from 1GBq)
F-18 140 171
Co-57 13.0 191
Ga-67 18.9 26.7
Mo + Tc99m 34.8 45.0
Tc9m 14.2 21.3
In-111 74.5 87.5
1-131 52.6 66.2
TI-201 10.2 171
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200

C¢

NJ

O

131]

D'=0.2GBg x

O

O

5
DV
d
D' = Ax %
5
66.2;&;9\/)( Ser'z. 4448y
(0.5) 60Min.
40 0
f
6ml
o
) Y
3-2 o
o
U o)
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O

(2)

10
a 2 )
o) (
E 3

Energy Radionuclides TVL in Pb
<100 keV TI-201, 1-125, Xe-133, Gd-153 <0.7 mm
<150 keV Co-57, Tc-99m 0.9 mm
< 250 keV In-111 2.5 mm
< 300 keV Ga-67 5.3 mm
<400 keV -131 11 mm
<700 keV F-18, Mo-99 20 mm
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O

O

o
15
3
S0 B2 E AN OM
U
U
U
1221 (3)
S
o U
. [22] :(3)
Dose rate (mGy/h from 1 MBg/cm?) at skin Depth of:

0.07 mm 0.4 mm 3 mm
P32 1726 990 90
Sred 1667 887 55
Y90 1756 1049 200
Tcoom 207 - -
[131 1319 303 -
TI201 208 - -

0.007 U)
10
10
0.01 10
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207

A

Droplet

207

=0.01ml x

MBq.h

O

O

133-

100,000MBgq

10m!

=100MBgq

100

MGy 00MBq = 20.700Gy |

o]t

81-
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(2mg / cm?) of mica
(14mg / cm®) of Al
67 123 125
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15-10
o
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:(4)
Procedure Nuclide  Radiopharmaceutical Activity Effective
(MBq) dose (mSv)

bone scan Tc99m MDP/HDP 1000 5.8
brain Tc99m DTPA 800 42
brain Tc99m HMPAO 800 7.4
cardiac GHPS Tc99m RBC 1000 6.6
GIT blood loss Tc99m RBC 900 5.9
GIT gastric emptying Tc99m colloid or DTPA 40 0.8
GIT esophageal transit Tc99m colloid 40 0.8
GIT small bowel transit Tc99m colloid 40 0.8
hepatobiliary Tc99m HIDA 300 4.5
infection Tc99m WBC; colloid/HMPAO 800 8.8
infection W body or local Ga-67 citrate 200 or 120 22 or 13
liver blood pool Tc99m RBC 1000 6.6
liver/spleen Tc99m large colloid 250 23
lung perfusion Tc99m MAA 200 2.0
lung ventilation Tc99m Technegas/DTPA 40 0.2
lymphoscintigraphy Tc99m nanocolloid 4@ 20 <1
Meckel's diverticulum Tc99m pertechnetate 400 4.8
myocardium hot spot Tc99m PYP 800 4.6
Myocd. P TI-201 exercise TI-201 chloride 120 28
" TI-201 reinjection TI-201 chloride 40 9.2
" TI-201 rest TI-201 chloride 100 23
MIBI stress/rest @1day Tc99m MIBI 400 + 1000 11
MIBI stress/rest @2days Tc99m MIBI 2@ 750 12
parathyroid Tc99m MIBI 800 6.8
renal GFR Tc99m DTPA 100 0.5
renal scan Tc99m DTPA 600 3.1
renal scan Tc99m DMSA 180 1.6
renal scan Tc99m MAG3 400 29
renal transplant Tc99m DTPA 400 21
salivary glands Tc99m pertechnetate 200 24
somatostatin receptors In-111 Octreotide 160 -
spleen Tc99m denatured red cells 200 3.8
thyroid scan Tc99m pertechnetate 200 24
thyroid Ca whole body 1-131 iodide 200 12
tumor Tc99m DMSA 400 3.5
tumor TI-201 chloride 200 46
tumor Ga-67 citrate 370 41
tumor 1-131 MIBG 50 7.0
tumor Tc99m MIBI 550 4.7
venogram Tc99m pertechnetate 740 8.9
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. (5)

Radiopharmaceutical

Period of suspension

Group 1 All I-131 and I-125 compounds except hippurate at least 3 weeks
Na-22, Ga-67, TI-201, Se-75
Group 2 Hippurate labeled with 1-131, 1-123 or 1-125 at least 12 hours
Tc-99m except RBC, DTPA and phosphonates
Group 3 Tc-99m red blood cells, DTPA, phosphonates at least 4 hours
Group 4 Cr-51 EDTA
E RA
e
o o
( 1 ) 20
( O 5 )
o o
1100-400 W 131
(SSR- No. RS-G-1.5)
o
(Sr-89) (Y-90)
o
o
8-4 4-2
o
o) ( ) o)
o
o
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o 12
(radiotoxicities)
2
: (6)
[144] (6)
Radiotoxicity
Class I Class II Class I1I Class IV
Low Level <0.2 MBq <20 MBq <2 GBq <0.2 TBq
Medium Level 0.2-20 MBq 20 MBg-2 GBq 2 GBqg-0.2 TBq 0.2-20 TBq
High Level >20 MBq >2 GBq >(0.2 TBq >20 TBq
o
‘a OS5 005
A
2
3
4
3
(4 ) 5
S S .6

? Radiation Safety Manual, The University of Newcastle, Australia
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Cc

Radionuclides in medicine - unsealed sources

Nuclide

3H
11C
13N
14C
150
18F
22Na
24Na
32P
33P
35S
42K
45Ca
51Cr
57Co
58Co
59Fe¢
64Cu

67Cu
67Ga

68Ga
75Se

89Sr
90Y
99mTc
111In

1231

1251
1311
133Xe
153Sm

165Dy
198Au
201T1

P

Class Half-life  Decay

1-4 mode

4 1226y B-

4 20.38 m B+

4 9.97 m B+

3 5760 y B-

4 2.04 m B+

3 109.7 m EC; B+

2 2.6y EC; B+

3 15h B-

3 14.3d B-

3 25.3d B-

3 87.4d B-

3 12.4h B-

2 163d B-

3 27.7d EC

3 271d EC

3 71.3d EC; B+

3 445d B-

3 12.8 h EC; B+;

B—

3 61.7h B-

3 78.3 h EC

4 68.3m EC; B+
119.8d EC

2 50.5d B-

3 64 h B-

4 6.01 h IT

3 2.83d EC

3 13.2h EC

2 60.1d EC

2 8.04d B-

4 5.33d B-

3 46.7h B-

3 2.35h B-

3 2.70d B-

3 73.1h EC

Principal betas, F
MeV (%)

0.0186 (100)

0.98 (100)

1.19 (100)

0.156 (100)

1.7 (100)

0.633 (94)

0.546 (91)

139 (100)

1.709 (100)

0.249 (100)

0.167 (100)

2.0 (18), 3.52 (82)
0.257 (100)

f.max.

0.474 (15)
0.273 (46), 0.466 (53)
0.57 (40) , 0.66 (19)

0.39 (56), 0.48 (23), 0.58
(20)

1.9 (88)

1.463 (100)
2.274 (100)

0.606 (90)

0.34 (99)

0.64 (35), 0.707 (44),
0.81 (21)

1.22 (16), 1.31 (80)
0.961 (99)

Principal photons,
E MeV (%)

¥, x—ray.

0.511 (200)
0.511 (200)

0.511 (200)

0.511 (194)

0.511 (181), 1.27 (100)
1.37 (100), 2.76 (100)

1.52 (18)

0.320 (10)

0.122 (86), 136 (11)
0.81 (100), 0.511 (31)
1.10 (56), 1.29 (44)
0.511 (38)

0.09 (17), 0.18 (47)

0.09 (41), 0.185 (24), 0.300
(17)

0.511 (178), 1.08 (3)

0.121 (17), 0.136 (59), 0.265
(59)

0.280 (25), 0.401 (12), ~
0.01 (56)

0.141 (89)

0.171 (91), 0.245 (94), ~
0.02(84)

0.159 (84), 0.53 (2), ~ 0.03
(87)

0.035 (7), ~ 0.03 (140)
0.364 (82), 0.637 (7)

0.08 (36)

0.103 (28)

0.095 (3)
0.412 (96)
0.167 (10), ~ 0.075 (95)
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Radionuclides in medicine - sealed sources and generators

P 5 G Anj
Nuclide Class Halflife Decay Principal alphas/betas, Principal photons,
1-4 mode  F . MeV (%) E, 0 MeV (%)
68Ge 3 287d EC [and 68Ga daughter]
68Ga 4 68.3 m EC; 1.9 (88) 0.511 (178), 1.08 (3)
B+
57Co 3 271d EC 0.122 (86), 136 (11)
60Co 2 526y B- 0.313 (100) 1.17 (100), 1.33 (100)
90Sr 2 28.1y B- 0.546 (100) [and 90Y daughter]
90Y 3 64 h B- 2.274 (100)
99Mo 3 66 h B- 0.454 (18), 1.232 (80) 0.74 (14), 0.181 (7)
[and daughter 99mTc]
99mTc 4 6.01 h IT 0.141 (89)
113Sn 3 115d EC [and daughter 113mlIn]
113mIn 4 1.658 h IT 0.39 (65), ~ 0.024 (24)
132Te 3 76.3 h B- 0.215 (100) 0.228 (88) [and daughter
1321]
1321 3 2.30h B- multiple, av 0.484(100) 0.67 (99), 0.77 (76) and
others
137Cs 2 30y B- 0.51 (94), 1.173 (6) [and 137mBa daughter]
137mBa 2 2.55m IT 0.66 (90), ~ 0.033 (7)
153Gd 3 242d EC 0.97 (30), 0.10 (20),
20.04(120)
1921Ir 2 74d EC; 0.54 (42), 0.67 (47) 0.30 (26), 0.31 (29), 0.32
B- (83),
0.47 (47), ~ 0.064 (10)
222Rn 3 3.824d o o 5.49 (100)
[and daughters, incl.
Class 1 a emitters]
226Ra 1 1600 y o o 4.60 (6), 4.78 (94) 0.186 (3)
[and daughters] [0.8 mean Eeff
incl.daughters, 0.3mm Pt-
Ir encapsulation]
241Am 1 433y o o 5.46 (100) 0.06 (36), ~0.017 (38)

Radiotoxicity Class from Schedule 1 of the NSW Radiation Control Regulation (1993).

Nuclear data extracted from NCRP Report No 58, A Handbook of Radioactivity

Measurements Procedures (1985).
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(Brachytherapy)
U AN o E MW ORA

® EUao

25-4

o« O

(Magnetron or Klystron)
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(Scattering Foil)
(Flattening Filter)

(2) (40cmx40cm) (Collimators)
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: (Brachytherapy) Q| A E AN] ORA

(Interstitial —implant)
. (Intracavitary — Therapy)
(*°Ra) 1940
("Pd, P Cs, I, Sr))

n
(milligram - radium equivalent (mg - Ra eq))
n (NCRP)
( )
(HDR)
.(LDR)
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(LDR) o o
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(Symmetry)

(Isocenter)

(Gantry)

O

O«

(Anti — Collision)
(Beam — Modifier — Systems)

. (Backup)

(Monitor Unit-MU) (cGy)
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«(MU)
(Penumbra)

(Isodose Curves)

(Interlock Systems) .6
: )(commissioning’) © IA
o
«(RTP)
o
Ne
4-2
«(Energy Independence)
«(Spatial resolution)
.(AFES)
(511 (TRS-398)
(111983 21 (AAPM) (521 (TRS -277)
“(cGy) 211999 51

! “Commissioning” refers to the process whereby the needed machine-specific beam data are acquired
and operational procedures are defined [1.
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(o)
(HDR)
U
(0] o
o o
o (2)
o
125 U 1 3
198 2
(10)
_[61,74] o) ;(2)
Radionuclide Typical applications Max. activity at discharge (MBq)

32p Systemic injection 1200

0y Local injection 1200

125 Seed permanent implant No limit

131) Systemic injection 600
198, Seed permanent implant 2000

8og, Systemic injection 300

:(10)
0.028) ( 60) 125
2.7) ( 0.412) (
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A
D = F X ? X T
T d A D
KERMA T
o (3)
(3)
Radionuclide Typical form Hdlflife | rev I mGy/mr)for TVL(mm)
y(Mean/ Max.) € ] GBq atlm lead
60-Co pellets 527y 1250/ 1330 309 45
125-1 seeds 60d 28/35 33 0.1
137-Cs needles, pellets, tubes 30y 662 /662 78 22
192-Ir hairpin, wires, HDR sources 74 d 370/610 113 15
198-Au seeds 2.7d 420/680 56 11
226-Ra needles 1600 y 1000/2400 195 45

I" : air KERMA rate

. (Brachytherapy) S E ANJ ORA ANJ
o
3
4
o
I 7
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3
4
/ 100
1
(Highest pulse rate)
200
. [67] 12-6

1 . . . . .
Code of practice for industrial radiography x-ray radiography. The State Library in Pretoria, the SA Library in Cape
Town, 2002.
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Wt §5 $
(137CS) (1921r)
(1) (“Co)
a
0 (1)
Opti stesl thickness
Radionuclide Gamma energies (MeV) Half-life n;nrl,ll:;:;l:::;rm:c{;z;
Cobalt-60 High {1.17 and 1.3%) 5.3 years S0-150
Caesium-137 High i0.662) 30 years S0-100
Irdium-192 Mediom (0.2-1.4) T4 days 10-70
Selenium-75 Medim (0.12-0.97) 120 darys 4-28
Ytterbium-1 69 Lovar {0.0030.31) 32 days 25-15
o
f
€ (P- portable)
(M —mobile) 50
(F — Fixed)
( ) Y
s (4
(9)
(2)
167 (2)
Class Maximum dose equivalent rate (uSv-h -1, (mrem-h -1)) on external surface of container
At surface At 50 mm At1m
P 2000, (200) 500, (50) 20, (2)
M 2000, (200) 1000, (100) 50, (5)
F 2000, (200) 1000, (100) 100, (10)
U (0]
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dD . A,
(y) ::l)(}o ::Zzy.éig_x ;L. 5
dt p A4rx(a” +y7)

O

dt

dD(y) %D(y)dy

AP

y=L
H A, My A L
D, =E,~* J.><4 e dyzEy—Eﬁarctan—
p L 4m(a” +y7) p 4nva a

BP

x=a+L
Dy, :Eylu_E J- AACt'zaszy ’u_EAA;Ct :
p 2, 4mx p 4mva (a+L)
BP AP
D,,  arctan(L/a)
D,, (L/a)/(1+L/a)

. AP BP

- (Nuclear — Gauges) d?

O

(Moisture and density gauges)
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Table 1. Sl base units

SI base unit

Base quantity Name Symbol
length meter m
mass kilogram kg
time second ]
electric current ampere A
thermodynamic temperature ~ Kelvin K
amount of substance mole mol
luminous intensity candela cd
Table 2 . Sl prefixes
Factor | Name | Symbol Factor | Name | Symbol
10 | yotta Y 10" deci d
10%! zetta Z 10~ centi c
10" exa E 107 milli m
10" peta P 10° | micro U
10" tera T 107 nano n
10° giga G 10" | pico p
10° mega M 10" | femto f
10° kilo k 10" atto a
10 hecto h 102" | zepto z
10’ deka da 107" | yocto y
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NP RO WNRERERPRPRPRPOOODUUODD WNERPROOUUD WNE RO WN -

OXYGEN Z = 8
Attenuation
Energy (MeV)
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.50000E-03
.00000E-03
.00000E-03
.00000E-03
.00000E-03
.00000E-03
.00000E-03
.00000E-02
.50000E-02
.00000E-02
.00000E-02
.00000E-02
.00000E-02
.00000E-02
.00000E-02
.00000E-01
.50000E-01
.00000E-01
.00000E-01
.00000E-01
.00000E-01
.00000E-01
.00000E-01
.00000E+00
.25000E+00
.50000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+01
.50000E+01
.00000E+01

F P NNNMNNDNNWWS OO JO0OO0ORFRFRFPFRFRPRRPRPRERENDNWOORFOOURDNDDDONOORF D

ulp
(em®/ g)

.590E+03
.549E+03
.949E+02
L171E+402
.315E+01
.790E+01
.770E+01
.163E+01
.952E+00
.836E+00
.651E-01
.T79E-01
.585E-01
.132E-01
.907E-01
.678E-01
.551E-01
.361E-01
.237E-01
.070E-01
.566E-02
.729E-02
.070E-02
.087E-02
.372E-02
.697E-02
.185E-02
.459E-02
.597E-02
.100E-02
LTTTE-02
.552E-02
.263E-02
.089E-02
.866E-02
.7T70E-02

F PR RPRPRPRPRERRPNNDNNDNDNDNDNDNDNNDNNDNNDNNDNDNDNDOS IR O ORFR DN ONO D

Mass attenuation coefficients

Ul p
(cm®/ g)

.576E+03
.545E+03
.926E+02
.158E+02
.221E+01
.715E+01
.708E+01
.116E+01
.565E+00
.545E+00
.179E-01
.729E-01
.530E-02
.414E-02
.207E-02
.468E-02
.355E-02
.506E-02
.679E-02
.877E-02
.953E-02
.971E-02
.957E-02
.887E-02
.794E-02
.669E-02
.551E-02
.350E-02
.066E-02
.882E-02
.757E-02
.668E-02
.553E-02
.483E-02
.396E-02
.360E-02
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Energy (MeV)

NP RO WNERERE R RPRPOOODUDDD WNE RO WNE PR OOJOUOU D WNRE -

.00000E-03
.50000E-03
.00000E-03
.00000E-03
.00000E-03
.00000E-03
.00000E-03
.11200E-03
.00000E-03
.00000E-02
.50000E-02
.00000E-02
.00000E-02
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.00000E-02
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.50000E-01
.00000E-01
.00000E-01
.00000E-01
.00000E-01
.00000E-01
.00000E-01
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.25000E+00
.50000E+00
.00000E+00
.00000E+00
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.00000E+00
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.00000E+01
.50000E+01
.00000E+01

WWNNWWWWhdhDdOOUOONJOORFRRFRFRFWORR WOWLONOOR WO OFNOO R WO

IRON Z = 26

wulp
(em®/g)

.085E+03
.399E+03
.626E+03
.576E+02
.567E+02
.398E+02
.484E+01
.319E+01
.056E+02
.706E+02
.708E+01
.568E+01
.176E+00
.629E+00
.958E+00
.205E+00
.952E-01
.717E-01
.964E-01
.460E-01
.099E-01
.400E-02
.414E-02
.704E-02
.699E-02
.995E-02
.350E-02
.883E-02
.265E-02
.621E-02
.312E-02
.146E-02
.057E-02
.991E-02
.994E-02
.092E-02
.224E-02
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Hy | P
(em’/g)

.052E+03
.388E+03
.620E+03
.535E+02
.536E+02
.372E+02
.265E+01
.133E+01
.316E+02
.369E+02
.896E+01
.260E+01
.251E+00
.155E+00
.638E+00
.555E-01
.104E-01
.177E-01
.961E-02
.825E-02
.361E-02
.039E-02
.914E-02
.836E-02
.714E-02
.603E-02
.472E-02
.360E-02
.199E-02
.042E-02
.990E-02
.983E-02
.997E-02
.050E-02
.108E-02
.221E-02
.292E-02



Energy (MeV)

NP RFRPROOODOPD WNRERERPRPRRPRPOOODODD WNRFRF OO WNE R REPRERREROOODDWWDNDER

.00000E-03
.00000E-03
.00000E-03
.55420E-03
.00000E-03
.00000E-03
.00000E-03
.00000E-03
.00000E-02
.50000E-02
.52000E-02
.55269E-02
.58608E-02
.00000E-02
.00000E-02
.00000E-02
.00000E-02
.00000E-02
.00000E-02
.00000E-01
.00000E-01
.00000E-01
.00000E-01
.00000E-01
.00000E-01
.00000E-01
.00000E+00
.25000E+00
.50000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+01
.50000E+01
.00000E+01

LEAD Z = 82

U DD DNSDDDDOOJOREFENOOONORFRF WORRRRENS IR RERREO

ulp
(cm®/g)

.210E+03
.285E+03
.965E+03
.496E+03
.251E+03
.304E+02
.672E+02
.287E+02
.306E+02
.116E+02
.078E+02
.416E+02
.344E+02
.636E+01
.032E+01
.436E+01
.041E+00
.021E+00
.419E+00
.549E+00
.985E-01
.031E-01
.323E-01
.614E-01
.248E-01
.870E-02
.102E-02
.876E-02
.222E-02
.606E-02
.234E-02
.197E-02
.2T72E-02
.391E-02
.675E-02
.972E-02
.658E-02
.206E-02

WwwhNDNDNDNDNNNDNDNWDcAOTORNOORERMSMORNORROORNS IR PR BEO

Hol P
(em® 1)

.197E+03
.2T74E+03
.913E+03
.459E+03
.221E+03
.124E+02
.546E+02
.207E+02
.247E+02
.100E+01
.807E+01
.083E+02
.032E+02
.899E+01
.536E+01
.211E+01
.740E+00
.149E+00
.916E+00
.976E+00
.870E-01
.455E-01
.370E-01
.128E-02
.819E-02
.644E-02
.654E-02
.988E-02
.640E-02
.360E-02
.322E-02
.449E-02
.600E-02
.744E-02
.989E-02
.181E-02
.478E-02
.595E-02

338

NP RO WNRERERPRPRRPRPOOODUUOD WNE RO WNE B 000U WM - -

COPPER Z = 29
Energy (MeV)

.00000E-03
.04695E-03
.50000E-03
.00000E-03
.00000E-03
.00000E-03
.00000E-03
.00000E-03
.00000E-03
.97890E-03
.00000E-02
.50000E-02
.00000E-02
.00000E-02
.00000E-02
.00000E-02
.00000E-02
.00000E-02
.00000E-01
.50000E-01
.00000E-01
.00000E-01
.00000E-01
.00000E-01
.00000E-01
.00000E-01
.00000E+00
.25000E+00
.50000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+01
.50000E+01
.00000E+01

WWWWWWWWh OO JOORREND IR NDARPRPWINWORERFRWSSIDND S O

ulp
(cm® /1 g)

.057E+04
.307E+03
.418E+03
.154E+03
.488E+02
L4T73E+02
.899E+02
.156E+02
.255E+01
.829E+01
.159E+02
.405E+01
.379E+01
.092E+01
.862E+00
.613E+00
.593E+00
.630E-01
.584E-01
.217E-01
.559E-01
.119E-01
.413E-02
.362E-02
.625E-02
.605E-02
.901E-02
.261E-02
.803E-02
.205E-02
.599E-02
.318E-02
L177E-02
.108E-02
.074E-02
.103E-02
.247E-02
.408E-02

NDNNDODNNNNERNNDNNNNNNDMNNDNNNOWOAORNORN ONOORFR WORFRR WD o

Mol P
(em® 1)

.049E+04
.241E+03
.393E+03
.142E+03
.430E+02
.432E+02
.866E+02
.128E+02
.054E+01
.652E+01
.484E+02
.788E+01
.788E+01
.349E+00
.163E+00
.192E+00
.290E+00
.581E-01
.949E-01
.027E-01
.781E-02
.617E-02
.121E-02
.933E-02
.826E-02
.681E-02
.562E-02
.428E-02
.316E-02
.160E-02
.023E-02
.989E-02
.998E-02
.027E-02
.100E-02
.174E-02
.309E-02
.387E-02



Stopping Power and Range Tables for Alpha Particles
POLYETHYLENE TEREPHTHALATE (MYLAR)

Kinetic Energy
(MeV)

.0010
.0015
.0020
.0025
.0030
.0040
.0050
.0060
.0070
.0080
.0090
.0100
.0125
.0150
.0175
.0200
.0225
.0250
.0275
.0300
.0350
.0400
.0450
.0500
.0550
.0600
.0650
.0700
.0750
.0800

Electronic

PFRPRPRPRPRPRPRPOOWOWOOJdJJIJdJooOo U o ddwwwwdhddhDN e -

Stopping Power (MeV cm?/g)

.632E+02
.953E+02
.218E+02
.449E+02
.656E+02
.019E+02
.335E+02
.618E+02
.876E+02
.115E+02
.338E+02
.548E+02
.027E+02
.457E+02
.848E+02
.210E+02
.548E+02
.866E+02
.167E+02
.453E+02
.987E+02
.479E+02
.938E+02
.368E+02
.774E+02
.016E+03
.052E+03
.087E+03
.121E+403
.153E+03

PRONNOMRONNONWWWE DS DT J0WWOR R

Nuclear

.829E+02
.680E+02
.554E+02
.449E+02
.359E+02
.215E+02
.103E+02
.013E+02
.388E+01
.764E+01
.230E+01
.767E+01
.835E+01
.127E+01
.568E+01
.114E+01
.736E+01
.416E+01
.142E+01
.903E+01
.507E+01
.191E+01
.933E+01
.717E+01
.534E+01
.376E+01
.238E+01
.117E401
.009E+01
.913E+01

PFRPRPRPRPRPRPRPRFPOOWOOO0JJJJooo Ul 0rOrds bbb dhWwww

Total

.461E+02
.633E+02
.773E+02
.898E+02
.015E+02
.234E+02
.438E+02
.631E+02
.815E+02
.991E+02
.161E+02
.325E+02
.711E+02
.069E+02
.405E+02
.T22E+02
.022E+02
.308E+02
.581E+02
.843E+02
.338E+02
.799E+02
.231E+02
.640E+02
.003E+03
.040E+03
.075E+03
.108E+03
.141E+03
.172E+03

PR OWWOWOoWw-JJoouud dDdwWwwNDNNDNNNREEFERRERERE DO W

CSDA
(g/cm?)

.432E-06
.835E-06
.186E-06
.489E-06
.753E-06
.118E-05
.348E-05
.569E-05
.781E-05
.985E-05
.182E-05
.372E-05
.825E-05
.250E-05
.651E-05
.032E-05
.395E-05
.744E-05
.080E-05
.404E-05
.022E-05
.606E-05
.160E-05
.690E-05
.199E-05
.688E-05
.161E-05
.619E-05
.006E-04
.050E-04

Range

Projected
(g/cm?)

.681E-06
.487E-06
.310E-06
.139E-06
.972E-06
.637E-06
.292E-06
.928E-06
.154E-05
.313E-05
.470E-05
.624E-05
.998E-05
.359E-05
.706E-05
.040E-05
.364E-05
.678E-05
.983E-05
.280E-05
.850E-05
.394E-05
.916E-05
.417E-05
.900E-05
.368E-05
.821E-05
.262E-05
.691E-05
.109E-05

OO0 O JJOoOO U ud PdWWWWNDNNRERERRRERERE OO DWNDR

Detour Factor
Projected / CSDA*
.4897
.5144
.5351
.5527
.5680
.5938
.6150
.6328
.6482
.6618
.6738
.6845
.7073
.7258
L7411
.7542
.7654
.7753
.7841
.7919
.8054
.8166
.8262
.8344
.8417
.8480
.8538
.8589
.8636
.8678

344



.0850
.0900
.0950
.1000
.1250
.1500
.1750
.2000
.2250
.2500
.2750
.3000
.3500
.4000
.4500
.5000
.5500
.6000
.6500
.7000
.7500
.8000
.8500
.9000
.9500

SwwbhNhDNDNN P PP

.0000
.2500
.5000
.7500
.0000
.2500
.5000
.7500
.0000
.5000
.0000

OR P ERERPEREPRPRPERERPOMNOONMNOMNNNMNONNOMNNNNNONRRRRRRRRR B P

.183E+03
.213E+403
.241E+03
.269E+03
.393E+03
.500E+03
.593E+03
.673E+03
.744E+03
.806E+03
.860E+03
.908E+03
.985E+03
.042E+03
.083E+03
.110E+03
.126E+03
.133E+03
.133E+03
.126E+03
.115E+03
.100E+03
.082E+03
.061E+03
.038E+03
.014E+03
.874E+03
.731E+03
.599E+03
.482E+03
.379E+03
.290E+03
.215E+403
.148E+03
.038E+03
.485E+02

O ORFRFRFPREPFREPREPENMNNDMNNDNNDMNDNOWLWOWDdD>NOTOTOOIIO0OORFRRRFRRRERR

.827E+01
.748E+01
.677E+01
.612E+01
.354E+01
.173E+01
.037E+01
.315E+00
.468E+00
.7T73E+00
.191E+00
.696E+00
.897E+00
.279E+00
. 786E+00
.382E+00
.046E+00
.760E+00
.515E+00
.301E+00
.114E+00
.948E+00
.800E+00
.667E+00
.547E+00
.437E+00
.013E+00
.720E+00
.506E+00
.341E+00
.210E+00
.104E+00
.016E+00
.414E-01
.223E-01
.311E-01

ORRPERERPEREPRPRPERERPOMNOONMNOMNOONNMNNONNOMNNNNNONRRRRRRRRBR BB

.202E+03
.230E+03
.258E+03
.285E+03
.407E+03
.512E+03
.603E+03
.683E+03
.752E+03
.814E+03
.868E+03
.914E+03
.991E+03
.047E+03
.087E+03
.114E+03
.130E+03
.137E+03
.136E+03
.130E+03
.118E+03
.103E+03
.084E+03
.064E+03
.041E+03
.016E+03
.876E+03
.733E+03
.601E+03
.483E+03
.380E+03
.291E+03
.216E+03
.149E+03
.038E+03
.492E+02

NNRPRPRRRPRPOOJOOOOEDSEDDWWWWNONNNNOMNNRERRERRERE R

.092E-04
.133E-04
.173E-04
.212E-04
.398E-04
.569E-04
.730E-04
.882E-04
.027E-04
.168E-04
.303E-04
.436E-04
.691E-04
.939E-04
.181E-04
.418E-04
.654E-04
.888E-04
.122E-04
.357E-04
.592E-04
.829E-04
.068E-04
.309E-04
.552E-04
.799E-04
.083E-04
.470E-04
.971E-04
.159E-03
.334E-03
.522E-03
.721E-03
.933E-03
.391E-03
.896E-03

NN RPRPRPRPRERPRPRP OO OB DNLWWWWWNNDMNDMNNNMNRERRERERRERERERE OO

.517E-05
.916E-05
.031E-04
.069E-04
.250E-04
.419E-04
.577E-04
.727E-04
.871E-04
.010E-04
.144E-04
.275E-04
.529E-04
.776E-04
.016E-04
.253E-04
.487E-04
.721E-04
.954E-04
.188E-04
.422E-04
.659E-04
.897E-04
.137E-04
.381E-04
.626E-04
.908E-04
.293E-04
.793E-04
.141E-03
.316E-03
.503E-03
.703E-03
.914E-03
.372E-03
.876E-03

L8717
.8753
.8786
.8817
.8945
.9040
.9115
.9176
.9228
.9271
.9309
.9342
.9398
.9444
.9483
.9516
.9544
.9570
.9592
.9612
.9631
.9648
.9663
.9677
.9691
.9703
.9753
.9791
.9821
.9844
.9863
.9879
.9892
.9903
.9920
.9932
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CODWEJTTANU T E DS WWNNN P P e
MO OO NOUOUNOGO AU O JdUl o ©V oI Jaa g u

100
125
150
175

.5000
.0000
.5000
.0000
.5000
.0000
.5000
.0000
.5000
.0000
.5000
.0000
.5000
.0000
.5000
.0000
.0000
.5000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000

.0000
.0000
.0000
.0000

G UIToOYO0WOWWOWORRREFRPRERPRERPREPENDNDNDNDWWS DO OO0 oy oy -1 J o

.753E+02
.138E+02
.615E+02
.163E+02
.766E+02
.416E+02
.105E+02
.825E+02
.573E+02
.344E+02
.136E+02
.945E+02
.186E+02
.645E+02
.238E+02
.920E+02
.452E+02
.275E+02
.123E+02
.878E+02
.688E+02
.536E+02
.411E+02
.306E+02
.217E+02
.141E+02
.075E+02
.016E+02
.642E+01
.180E+01
.764E+01
.388E+01
.046E+01
.717E+01
.800E+01
.126E+01

NNWWH DO ORFRREPRERFREPREREPENDNNDWWWWWDS DO OO

.590E-01
.004E-01
.517E-01
.107E-01
.757E-01
.453E-01
.188E-01
.953E-01
.745E-01
.558E-01
.390E-01
.238E-01
.650E-01
.248E-01
.955E-01
.732E-01
.413E-01
.295E-01
.195E-01
.037E-01
.168E-02
.221E-02
.454E-02
.819E-02
.286E-02
.831E-02
.439E-02
.097E-02
.796E-02
.529E-02
.291E-02
.077E-02
.884E-02
.139E-02
.635E-02
.271E-02

G UIToOYO0WWWOWORRREFRPRERPRERPREPRENDNDNDNDWWS DO OO 0oy o)y -] J o

.759E+02
.144E+02
.620E+02
.168E+02
.7T71E+02
.421E+02
.109E+02
.829E+02
.577E+02
.348E+02
.139E+02
.948E+02
.189E+02
.647E+02
.240E+02
.922E+02
.454E+02
.276E+02
.124E+02
.879E+02
.689E+02
.536E+02
.411E+02
.307E+02
.218E+02
.142E+02
.075E+02
.017E+02
.647E+01
.184E+01
.768E+01
.392E+01
.050E+01
.720E+01
.803E+01
.129E+01

PRGOS DWWNNMNRERPRERPREPRPOODUUOWWNRERERRRWOWOW-IO O U b b W

.445E-03
.037E-03
.672E-03
.349E-03
.067E-03
.826E-03
.624E-03
.462E-03
.340E-03
.026E-02
.121E-02
.220E-02
.771E-02
.413E-02
.142E-02
.955E-02
.831E-02
.889E-02
.027E-02
.053E-01
.335E-01
.645E-01
.985E-01
.354E-01
.750E-01
.175E-01
.626E-01
.105E-01
.610E-01
.141E-01
.699E-01
.282E-01
.890E-01
.031E+00
.432E+00
.891E+00

PFRPRPRPOOCODOGOSDWWNNMRERERPRERPPRPOOODOOGWWNRERERRROOW-IOO U & b W

.425E-03
.017E-03
.651E-03
.328E-03
.045E-03
.803E-03
.602E-03
.439E-03
.316E-03
.023E-02
.118E-02
.218E-02
.769E-02
.410E-02
.138E-02
.951E-02
.826E-02
.884E-02
.021E-02
.053E-01
.334E-01
.644E-01
.984E-01
.353E-01
.749E-01
.173E-01
.624E-01
.103E-01
.608E-01
.139E-01
.696E-01
.279E-01
.887E-01
.030E+00
.432E+00
.891E+00

.9942
.9949
.9955
.9960
.9964
.9967
.9970
.9972
.9974
.9976
.9978
.9979
.9984
.9987
.9989
.9990
.9992
.9992
.9993
.9993
.9994
.9994
.9994
.9995
.9995
.9995
.9995
.9995
.9995
.9995
.9995
.9995
.9995
.9996
.9996
.9996
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200.
225.
250.
275.
300.
350.
400.
450.
500.
550.
600.
650.
700.
750.
800.
850.
900.
950.
1000.0000

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

FRPRPRPREPRPRPRPEEPRPRPNDNDDNDNDNDNDOWWWDSDS

.610E+01
.200E+01
.867E+01
.591E+01
.358E+01
.986E+01
.702E+01
.477E+01
.296E+01
.146E+01
.019E+01
.912E+01
.819E+01
.738E+01
.667E+01
.604E+01
.548E+01
.497E+01
.452E+01

S OO OO R FRERERERERE

1S

.996E-02
.781E-02
.608E-02
.466E-02
.346E-02
.157E-02
.015E-02
.037E-03
.146E-03
.414E-03
.801E-03
.281E-03
.836E-03
.450E-03
.112E-03
.813E-03
.547E-03
.309E-03
.095E-03

FRPRPRPRERPRPRPEEPRPRERNDNDDNDNDNDNDOWWWDSDS

.612E+01
.202E+01
.869E+01
.592E+01
.359E+01
.987E+01
.703E+01
.478E+01
.297E+01
.146E+01
.020E+01
.912E+01
.820E+01
.739E+01
.668E+01
.604E+01
.548E+01
.498E+01
.452E+01

B WWWNDNNMNNNRERERERPREROOS D WDNDDN

.406E+00
.975E+00
.596E+00
.267E+00
.987E+00
.569E+00
.332E+00
.027E+01
.236E+01
.462E+01
.702E+01
.957E+01
.225E+01
.506E+01
.800E+01
.106E+01
.423E+01
.751E+01
.090E+01

BWWWNNNR R R R RS DWNDN

.405E+00
.974E+00
.594E+00
.265E+00
. 985E+00
.567E+00
.329E+00
.026E+01
.236E+01
.461E+01
.702E+01
.956E+01
.224E+01
.505E+01
.799E+01
.105E+01
.422E+01
.750E+01
.089E+01

.9996
.9996
.9996
.9996
.9996
.9996
.9997
.9997
.9997
.9997
.9997
.9997
.9997
.9997
.9997
.9997
.9997
.9997
.9997

* Continuous-Slowing-Down Approximation
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O J~JooUudhDdWWNNMNNNNRERERPREREPRPROOOOOITJoOOOUuoddWNNE OOJUd WNNE R OWOJ0yU b Wb -

Energy
MeV

.000E-03
.000E-03
.000E-03
.000E-03
.000E-03
.000E-03
.000E-03
.000E-03
.000E-03
.000E-02
.500E-02
.000E-02
.500E-02
.000E-02
.000E-02
.000E-02
.000E-02
.000E-02
.000E-02
.000E-02
.000E-01
.000E-01
.500E-01
.000E-01
.000E-01
.500E-01
.000E-01
.500E-01
.000E-01
.500E-01
.000E-01
.500E-01
.000E-01
.500E-01
.000E-01
.500E-01
.000E+00
.250E+00
.500E+00
.750E+00
.000E+00
.250E+00
.500E+00
.750E+00
.000E+00
.500E+00
.000E+00
.500E+00
.000E+00
.500E+00
.000E+00
.500E+00
.000E+00
.500E+00
.000E+00

S OO OO IO OFRFRFRPRPERPRPRERPEENNDNNDMNDNNNMNDMNNNOWWWASEDdOOOUOIIIIJ00000 00 wWwwwdDhDNDNDDNDRERE

Stopping

Electron
stp.— Pow

MeV —(cm® | g)

.197E+02
.693E+02
.074E+02
.395E+02
.678E+02
.933E+02
.168E+02
.387E+02
.592E+02
.787E+02
.504E+02
.067E+02
.526E+02
.905E+02
.483E+02
.877E+02
.132E+02
.278E+02
.341E+02
.340E+02
.290E+02
.922E+02
.278E+02
.763E+02
.012E+02
.7133E+02
.498E+02
.297E+02
.121E+02
.964E+02
.824E+02
.699E+02
.587E+02
.485E+02
.391E+02
.306E+02
.227E+02
.911E+02
.682E+02
.508E+02
.370E+02
.258E+02
.164E+02
.085E+02
.017E+02
.063E+01
.192E+01
.488E+01
.905E+01
.414E+01
.994E4+01
.630E+01
.312E+01
.031E+01
.781E+01

Powers and Range Tables for Protons
near sea level)

AIR
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Nuclear
stp.— Pow
MeV —(cm® | g)

.163E+01
.614E+01
.314E+01
.120E+01
.825E+00
.786E+00
.970E+00
.310E+00
.T62E+00
.300E+00
.751E+00
.858E+00
.269E+00
.848E+00
.282E+00
.917E+00
.659E+00
.466E+00
.316E+00
.196E+00
.098E+00
.183E-01
.124E-01
.390E-01
.435E-01
.105E-01
.836E-01
.612E-01
.423E-01
.261E-01
.119E-01
.995E-01
.885E-01
.187E-01
.699E-01
.620E-01
.548E-01
.270E-01
.080E-01
.404E-02
.340E-02
.500E-02
.818E-02
.254E-02
.778E-02
.021E-02
.444E-02
.989E-02
.621E-02
.317E-02
.061E-02
.843E-02
.654E-02
.490E-02
.345E-02

(dry,

OO OO IO OFRFRPFRPRPERPRPRERPEENNDNNDMNDNNNMNDMNNNOWWWASE DO IIIIJ0O0000 00 WWwwwwNhhNDDNDRERE

Total
stp.— Pow

MeV —(cm® | g)

.414E+02
.855E+02
.206E+02
.507E+02
.776E+02
.021E+02
.248E+02
.460E+02
.660E+02
.850E+02
.552E+02
.106E+02
.558E+02
.934E+02
.506E+02
.897E+02
.149E+02
.293E+02
.355E+02
.352E+02
.301E+02
.928E+02
.284E+02
.767E+02
.015E+02
.736E+02
.501E+02
.300E+02
.123E+02
.967E+02
.826E+02
.701E+02
.589E+02
.486E+02
.393E+02
.308E+02
.229E+02
.912E+02
.683E+02
.509E+02
.371E+02
.258E+02
.165E+02
.086E+02
.018E+02
.068E+01
.197E+01
.492E+01
.909E+01
L417E+01
.997E4+01
.633E+01
.315E+01
.033E+01
.783E+01
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CSDA
Range
(g/em®)

.857E-06
.595E-05
.088E-05
.512E-05
.891E-05
.236E-05
.555E-05
.853E-05
.134E-05
.400E-05
.588E-05
.623E-05
.560E-05
.430E-05
.003E-04
.152E-04
.295E-04
.433E-04
.569E-04
.705E-04
.842E-04
.349E-04
.244E-04
.241E-04
.538E-04
.830E-04
.021E-03
.169E-03
.324E-03
.489E-03
.661E-03
.842E-03
.032E-03
.229E-03
.434E-03
.646E-03
.867E-03
.082E-03
.479E-03
.051E-03
.792E-03
.070E-02
.276E-02
.499E-02
.737E-02
.258E-02
.839E-02
.478E-02
.173E-02
.925E-02
.731E-02
.592E-02
.506E-02
.474E-02
.493E-02

o JouddWNNDNRRPRPEPERPRPOJOBRNMNDMNNMDMDNNMNRRPRERERRPPRPOOIO WORPRPRPRERPRPRPREROOOWDNDNDMNNNMNREREOOOW

Projected
Range
(g/cm®)

.257E-06
.577E-06
.759E-06
.277E-05
.563E-05
.834E-05
.094E-05
.342E-05
.580E-05
.810E-05
.869E-05
.822E-05
.701E-05
.527E-05
.069E-05
.513E-05
.090E-04
.226E-04
.360E-04
.493E-04
.628E-04
.121E-04
.010E-04
.002E-04
.287E-04
.573E-04
.951E-04
.142E-03
.297E-03
.461E-03
.633E-03
.813E-03
.002E-03
.198E-03
.402E-03
.614E-03
.834E-03
.046E-03
.438E-03
.006E-03
.742E-03
.064E-02
.270E-02
.492E-02
.730E-02
.250E-02
.829E-02
.466E-02
.161E-02
.910E-02
.715E-02
.574E-02
.486E-02
.452E-02
.469E-02

eNeoNeoNoNoNoNoNolNoloNololNoNoNoNoNoloNoRoloNoBoNololoNoNoNololoNoloNoNolNoNoNololNoloNoNoNoNoNoloNoNolNoNolNolNolNelNe]

Detour

Factor

.3304
L4123
.4674
.5084
.5406
.5669
.5889
.6078
.6242
.6387
.6923
L7281
.7542
L7743
.8041
.8256
.8420
.8553
.8664
.8758
.8839
.9320
.9450
.9544
.9668
.9710
.9743
.9770
.9793
.9812
.9827
.9841
.9852
.9862
.9871
.9879
.9886
.9910
.9926
.9936
.9943
.9949
.9953
.9956
.9959
.9963
.9966
.9968
.9969
.9971
.9972
.9973
.9973
.9974
.9975
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.500E+00
.000E+00
.500E+00
.000E+01
.250E+01
.500E+01
.750E+01
.000E+01
.500E+01
.750E+01
.000E+01
.500E+01
.000E+01
.500E+01
.000E+01
.500E+01
.000E+01
.500E+01
.000E+01
.500E+01
.000E+01
.500E+01
.000E+01
.500E+01
.000E+02
.250E+02
.500E+02
.750E+02
.000E+02
.250E+02
.500E+02
.750E+02
.000E+02
.500E+02
.000E+02
.500E+02
.000E+02
.500E+02
.000E+02
.500E+02
.000E+02
.500E+02
.000E+02
.500E+02
.000E+02
.500E+02
.000E+03
.500E+03
.000E+03
.500E+03
.000E+03
.000E+03
.000E+03
.000E+03
.000E+03
.000E+03
.000E+03
.000E+04

NNNRFRPRFRPRPRPRPRPRERPRPRPRERPRPRPRERPEEPERNDNNDNDMNDNDMNDMNDNNDMNDNNDNNDNNWOOWOWS DTN IJ000O0OORFRRPRPRERPERERERERERENDNDNDWDDDD

.557E+01
.355E+01
.171E+01
.004E+01
.349E+01
.892E+01
.554E+01
.293E+01
.914E+01
.T73E+01
.652E+01
.460E+01
.312E+01
.194E+01
.098E+01
.019E+01
.514E+00
.938E+00
.440E+00
.003E+00
.618E+00
.275E+00
.968E+00
.691E+00
.441E+00
.474E+00
.815E+00
.337E+00
.975E+00
.690E+00
.462E+00
.274E4+00
.117E+00
.870E+00
.686E+00
.544E+00
.431E+00
.340E+00
.265E+00
.203E+00
.151E+00
.107E+00
.069E+00
.036E+00
.008E+00
.984E+00
.962E+00
.850E+00
.820E+00
.818E+00
.828E+00
.861E+00
.898E+00
.933E+00
.967E+00
.998E+00
.026E+00
.052E+00

N WWWwddh OO EPRERPNNMNNNMNNWWWWWSDSOOUOJOOORFRRFEFREPRERPENMNNDMNDNMNNDMNWWWWS SOOI ORFRRREREREDNDDN

.217E-02
.102E-02
.999E-02
.905E-02
.547E-02
.304E-02
.128E-02
.953E-03
.066E-03
.372E-03
.790E-03
.870E-03
.173E-03
.627E-03
.187E-03
.826E-03
.523E-03
.265E-03
.043E-03
.850E-03
.681E-03
.531E-03
.397E-03
.277E-03
.169E-03
.754E-03
.475E-03
.274E-03
.122E-03
.003E-03
.075E-04
.289E-04
.631E-04
.591E-04
.806E-04
.191E-04
.697E-04
.291E-04
.951E-04
.663E-04
.414E-04
.198E-04
.009E-04
.841E-04
.691E-04
.557E-04
.436E-04
.661E-04
.267E-04
.027E-04
.655E-05
.608E-05
.362E-05
.520E-05
.913E-05
.453E-05
.093E-05
.803E-05

NNNRFRPRFRPRPRPRPRPREPRPRPRPERPRPRPRERPERERNDNNDNDMNDNNDNNDMNDNNMNDNDNNDNWOOWOWWS DTN IJ000O0OORFRRPRPRERERPRERERERENDNDNDWDDDDN

.559E+01
.357E+01
.173E+01
.006E+01
.351E+01
.894E+01
.555E+01
.294E+01
.915E+01
.T73E+01
.653E+01
.460E+01
.312E+01
.194E+01
.099E+01
.019E+01
.517E+00
.942E+00
.443E+00
.006E+00
.620E+00
.277E+00
.970E+00
.693E+00
.443E+00
.475E+00
.816E+00
.338E+00
.976E+00
.691E+00
.462E+00
.2775E+00
.118E+00
.871E+00
.687E+00
.544E+00
.431E+00
.340E+00
.266E+00
.203E+00
.151E+00
.107E+00
.069E+00
.037E+00
.008E+00
.984E+00
.963E+00
.850E+00
.820E+00
.818E+00
.828E+00
.861E+00
.898E+00
.934E+00
.967E+00
.998E+00
.026E+00
.052E+00

G D WWNRERERPRPOOODWWWNNMNMNNMNRERERRERERRPRPRPOJOO WONNRERPOIIOOTC O DDWWNNRERERREOIWNOMNDNRERERRRE

.056E-01
.169E-01
.286E-01
.408E-01
.094E-01
.899E-01
.820E-01
.855E-01
.252E-01
.609E-01
.007E+00
.330E+00
.691E+00
.091E+00
.528E+00
.001E+00
.509E+00
.052E+00
.628E+00
.236E+00
.876E+00
.548E+00
.250E+00
.983E+00
.744E+00
.297E+01
.786E+01
.334E+01
.937E+01
.590E+01
.290E+01
.033E+01
.816E+01
.490E+01
.293E+01
.121E+02
.322E+402
.532E+02
.749E+02
.973E+02
.203E+02
.437E+02
.677E+02
.921E+02
.168E+02
.418E+02
.672E+02
.311E+02
.041E+02
.179E+03
.454E+03
.996E+03
.528E+03
.050E+03
.563E+03
.067E+03
.564E+03
.054E+03

addwWWwWwNhDEFEFREFPFRPFRPOOODWWWNNNNMNNMNNERERRERPRPPRPOJOOOWOWNDMNMNREREROIJIOOCTO DS D WNNNRERERPRPRPOIWWNNDNRERERRRE

.054E-01
.166E-01
.283E-01
.405E-01
.089E-01
.893E-01
.813E-01
.845E-01
.238E-01
.593E-01
.005E+00
.327E+00
.688E+00
.088E+00
.524E+00
.996E+00
.504E+00
.045E+00
.620E+00
.228E+00
.867E+00
.538E+00
.239E+00
.970E+00
.731E+00
.295E+01
.783E+01
.330E+01
.933E+01
.585E+01
.284E+01
.026E+01
.809E+01
.481E+01
.282E+401
.119E+02
.320E+02
.530E+02
.747E+02
.971E+02
.200E+02
.435E+02
.674E+02
.918E+02
.165E+02
.415E+02
.668E+02
.306E+02
.035E+02
.178E+03
.453E+03
.995E+03
.527E+03
.049E+03
.561E+03
.066E+03
.563E+03
.053E+03

[cNeoNoNoNoNoNoNoNolNoNoNoloNoNoloNoNolNoBoloNoNololNoNoNoNoloNoNolNolNoloNolNoloNoloNololNoNoNololNolBoNoNoloNolNololNoNolNolNolNe)

.9975
.9976
.9976
.9976
.9978
.9979
.9979
.9980
.9981
.9981
.9981
.9982
.9982
.9983
.9983
.9983
.9983
.9984
.9984
.9984
.9984
.9984
.9984
.9985
.9985
.9985
.9986
.9986
.9986
.9987
.9987
.9987
.9987
.9988
.9988
.9989
.9989
.9989
.9990
.9990
.9990
.9990
.9990
.9991
.9991
.9991
.9991
.9992
.9993
.9994
.9994
.9995
.9996
.9996
.9997
.9997
.9997
.9997
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Energy
MeV

.000E-03
.000E-03
.000E-03
.000E-03
.000E-03
.000E-03
.000E-03
.000E-03
.000E-03
.000E-02
.000E-02
.000E-02
.000E-02
.000E-02
.000E-02
.000E-02
.000E-02
.000E-02
.000E-01
.250E-01
.500E-01
.750E-01
.000E-01
.250E-01
.500E-01
.750E-01
.000E-01
.500E-01
.000E-01
.500E-01
.000E-01
.500E-01
.000E-01
.500E-01
.000E-01
.500E-01
.000E-01
.500E-01
.000E-01
.500E-01
.000E+00
.250E+00
.500E+00
.750E+00
.000E+00
.250E+00
.500E+00
.750E+00
.000E+00
.500E+00
.000E+00
.500E+00
.000E+00
.500E+00
.000E+00
.500E+00
.000E+00
.500E+00

GO OO ~JJOORFRFRFRPRPREFREPRFEPENMNNDNDNNDMNDNNMNNDMNWWWWWSESOOOOUOoOOTIIIJ1IJ0JJdJdJ00dDdwwwwbdhhdhN -

Electron
stp.— Pow

MeV —(cm® | g)

.416E+02
.002E+02
.452E+02
.813E+02
.133E+02
L422E+02
.688E+02
.931E+02
.156E+02
.368E+02
.753E+02
.621E+02
.210E+02
.609E+02
.852E+02
.976E+02
.011E+02
.979E+02
.899E+02
.564E+02
.145E+02
.714E+02
.305E+02
.932E+02
.597E+02
.300E+02
.035E+02
.590E+02
.230E+02
.933E+02
.683E+02
.469E+02
.281E+02
.116E+02
.969E+02
.837E+02
.718E+02
.610E+02
.511E+02
.420E+02
.337E+02
.003E+02
.763E+02
.580E+02
.435E+02
.317E+02
.219E+02
.136E+02
.065E+02
.484E+01
.571E+01
.834E+01
.224E+01
.711E+01
L.272E+01
.892E+01
.560E+01
.266E+01

NWWWWwhdhdOUOOUOOHJOW0ORRFEPREFREPREFNNMNNDNMNMDMNDNMNWWWMOOOUOOODJOORRFEFRERPREPENMNNMNDNWSMOOORL,RFRRRREDNDW

BONE, COMPACT

Nuclear
stp.— Pow
MeV —(cm® | g)

.228E+01
.248E+01
.T76E+01
.488E+01
.290E+01
.144E+01
.031E+01
.414E+00
.675E+00
.056E+00
.856E+00
.562E+00
.844E+00
.382E+00
.058E+00
.817E+00
.629E+00
.479E+00
.356E+00
.128E+00
.684E-01
.508E-01
.602E-01
.880E-01
.291E-01
.797E-01
.377E-01
.704E-01
.187E-01
.T78E-01
.445E-01
.169E-01
.935E-01
.735E-01
.561E-01
.409E-01
.275E-01
.155E-01
.048E-01
.952E-01
.864E-01
.526E-01
.295E-01
.127E-01
.986E-02
.973E-02
.153E-02
.474E-02
.903E-02
.994E-02
.303E-02
.759E-02
.318E-02
.955E-02
.649E-02
.388E-02
.163E-02
.967E-02

GO OO ~JJOORFRFRFRPRPRPREFRERPRFEPENMNNDNNDNNDMNDNNMNNDMNWOWWWWWSESOOOOUOooOTIIJ1IJ00 00 dDdwwwbdhhdhdDN -

Total
stp.— Pow
MeV —(cm® | g)
.738E+02
L227E+02
.629E+02
.962E+02
.262E+02
.537E+02
.791E+02
.025E+02
.243E+02
.449E+02
.802E+02
.657E+02
.239E+02
.633E+02
.872E+02
.994E+02
.027E+02
.994E+02
.912E+02
.575E+02
.154E+02
L122E+02
.312E+02
.939E+02
.604E+02
.306E+02
.041E+02
.595E+02
.234E+02
.937E+02
.687E+02
.472E+02
.284E+02
.119E+02
.972E+02
.840E+02
.720E+02
.612E+02
.513E+02
.422E+02
.339E+02
.005E+02
.764E+02
.581E+02
.436E+02
.318E+02
.220E+02
.137E+02
.065E+02
.490E+01
.576E+01
.838E+01
.228E+01
.715E+01
.276E+01
.896E+01
.563E+01
.269E+01
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(ICRU)

CSDA
Range

(g/em®)

.040E-06
.207E-05
.619E-05
.977E-05
.298E-05
.592E-05
.865E-05
.121E-05
.363E-05
.593E-05
.533E-05
.133E-05
.569E-05
.912E-05
.120E-04
.246E-04
.371E-04
.495E-04
.621E-04
.944E-04
.283E-04
.643E-04
.027E-04
.436E-04
.869E-04
.328E-04
.812E-04
.852E-04
.987E-04
.212E-04
.526E-04
.092E-03
.241E-03
.397E-03
.561E-03
.733E-03
.913E-03
.101E-03
.296E-03
.499E-03
.709E-03
.867E-03
.200E-03
.699E-03
.361E-03
.018E-02
.215E-02
.428E-02
.655E-02
.153E-02
.708E-02
.319E-02
.984E-02
.702E-02
.473E-02
.295E-02
.169E-02
.093E-02

OoOJdoUukwWwwWwNhDNNREFRERPRPRPRPOONDODWNMDNDMDNMNNMRERPRPRPRPRPPOOCODUODDEWOWWDNDMNNMNNNR,RRERPRERPR,OOJONDNNMNRRRREOODN

Projected
Range
(g/cm®)

.977E-06
.934E-06
.722E-06
.134E-05
.383E-05
.619E-05
.844E-05
.060E-05
.268E-05
.468E-05
.232E-05
.744E-05
.125E-05
.427E-05
.683E-05
.092E-04
.214E-04
.337E-04
.461E-04
.779E-04
.115E-04
.472E-04
.853E-04
.259E-04
.689E-04
.145E-04
.626E-04
.661E-04
.789E-04
.009E-04
.316E-04
.071E-03
.218E-03
.374E-03
.538E-03
.709E-03
.888E-03
.075E-03
.270E-03
.472E-03
.681E-03
.835E-03
.163E-03
.658E-03
.315E-03
.013E-02
.210E-02
.422E-02
.648E-02
.145E-02
.699E-02
.308E-02
.971E-02
.687E-02
.456E-02
.276E-02
.148E-02
.069E-02

[eNeoNoNoNoNoNoNololoNoNolNoNoNolNoNoBoNoBololNoBolNoNoNoNoNoNololoNoloBoNolNoNoNololNoNoNoNoNoNolNoloNoNoNoNolNolNololNoNololNo]

Detour

Factor

.4228
.4916
.5387
.5740
.6018
.6246
. 6437
.6600
.6743
.6869
.7648
.8053
.8314
.8502
.8646
.8761
.8858
.8940
.9011
.9155
.9265
.9353
.9425
. 9485
.9535
.9578
.9614
.9673
.9718
.9752
.9780
.9802
.9821
.9836
.9849
.9860
.9870
.9878
.9885
.9891
.9897
.9917
.9930
.9938
.9945
.9949
.9953
.9955
.9958
.9961
.9963
.9965
.9967
.9968
.9969
.9970
L9971
.9971
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.000E+00
.500E+00
.000E+00
.500E+00
.000E+01
.250E+01
.500E+01
.750E+01
.000E+01
.500E+01
.750E+01
.000E+01
.500E+01
.000E+01
.500E+01
.000E+01
.500E+01
.000E+01
.500E+01
.000E+01
.500E+01
.000E+01
.500E+01
.000E+01
.500E+01
.000E+02
.250E+02
.500E+02
.750E+02
.000E+02
.250E+02
.500E+02
.750E+02
.000E+02
.500E+02
.000E+02
.500E+02
.000E+02
.500E+02
.000E+02
.500E+02
.000E+02
.500E+02
.000E+02
.500E+02
.000E+02
.500E+02
.000E+03
.500E+03
.000E+03
.500E+03
.000E+03
.000E+03
.000E+03
.000E+03
.000E+03
.000E+03
.000E+03
.000E+04

PFRPREPRPRPRPRPRPRERPRPRPERPERPEPRPENDNNDNDNDMNDNNDNNDMNNMNNMNDMNDNNMNNDNOOWWOWWOWO SOOI J00O0ORRFRRPRERPREPRERERENDNDNDWWDSDDDDDO

.005E+01
.771E+01
.560E+01
.368E+01
.194E+01
.509E+01
.032E+01
.678E+01
.405E+01
.009E+01
.861E+01
.735E+01
.533E+01
.378E+01
.254E+01
.154E+01
.071E+01
.000E+01
.398E+00
.874E+00
.416E+00
.012E+00
.652E+00
.329E+00
.039E+00
.T76E+00
.7T60E+00
.068E+00
.566E+00
.185E+00
.886E+00
.645E+00
.448E+00
.283E+00
.024E+00
.830E+00
.680E+00
.561E+00
.466E+00
.385E+00
.318E+00
.261E+00
.212E+00
.171E+00
.135E+00
.103E+00
.076E+00
.051E+00
.916E+00
.869E+00
.854E+00
.852E+00
.865E+00
.885E+00
.907E+00
.927E+00
.947E+00
.965E+00
.982E+00

WWhdh U TIRFRPPEPEPEPENOWLWWOWSDEDdNOOTOUOONODJOORFRREPREREREREPENMNNNDNNNNWOWOWWWWS SOOI OOORFRRFRRERERERNDDNDDNDDNDDN

.795E-02
.641E-02
.505E-02
.382E-02
.271E-02
.844E-02
.554E-02
.345E-02
.187E-02
.619E-03
.793E-03
.100E-03
.003E-03
.173E-03
.522E-03
.998E-03
.567E-03
.205E-03
.898E-03
.633E-03
.403E-03
.201E-03
.022E-03
.862E-03
.719E-03
.590E-03
.095E-03
.762E-03
.522E-03
.340E-03
.198E-03
.084E-03
.902E-04
.116E-04
.874E-04
.936E-04
.202E-04
.612E-04
.126E-04
.720E-04
.375E-04
.079E-04
.820E-04
.594E-04
.393E-04
.215E-04
.054E-04
.910E-04
.984E-04
.513E-04
.227TE-04
.033E-04
.889E-05
.400E-05
.396E-05
.670E-05
.122E-05
.692E-05
.345E-05

PFRPRERPRPRPRPRPRERPRPRPRERPERPREPRPENDNNDNDNNDMNDNNDNNDMNNMNNNMNDMNDNNNMNNDNOOWWOWOS SOOI J000ORFRRFRRPRERPRPREPRERERENDNDNDWWDSDDDDDO

.008E+01
.774E+01
.562E+01
.371E+01
.196E+01
.511E+01
.033E+01
.679E+01
.406E+01
.010E+01
.861E+01
.736E+01
.534E+01
.378E+01
.255E+01
.155E+01
.071E+01
.001E+01
.401E+00
.878E+00
.420E+00
.015E+00
.655E+00
.332E+00
.042E+00
.778E+00
.762E+00
.070E+00
.567E+00
.186E+00
.887E+00
.646E+00
.449E+00
.284E+00
.024E+00
.830E+00
.681E+00
.562E+00
.466E+00
.386E+00
.318E+00
.261E+00
.213E+00
.171E+00
.135E+00
.103E+00
.076E+00
.052E+00
.916E+00
.869E+00
.854E+00
.852E+00
.865E+00
.885E+00
.907E+00
.927E+00
.947E+00
.965E+00
.982E+00

G DdWWNRFREFREPRPRPOODWWWNDNNNNMNNMRRERPRPRPRPRERPOIJODWNNMRERPRPROJIJOOODU B DWWNNMNREREREROVOODD WONRERERERRPRRERE O

.067E-02
.009E-01
.116E-01
.228E-01
.345E-01
.999E-01
.768E-01
.647E-01
.633E-01
.917E-01
.211E-01
.602E-01
.267E+00
.612E+00
.993E+00
.408E+00
.858E+00
.342E+00
.858E+00
.405E+00
. 984E+00
.593E+00
.231E+00
.899E+00
.595E+00
.319E+00
.234E+01
.698E+01
.218E+01
.791E+01
.411E+01
.076E+01
.782E+01
.525E+01
.115E+01
.826E+01
.064E+02
.255E+02
.454E+02
.660E+02
.873E+02
.092E+02
.315E+02
.543E+02
.7T76E+02
.012E+02
.251E+02
.493E+02
.030E+02
.677E+02
.137E+03
.406E+03
.945E+03
.478E+03
.005E+03
.527E+03
.043E+03
.554E+03
.061E+03

ad D wwdhkRFRrPRPRPOOWWWNDNNDNNNNNREREPERPPRPOIJODDWNDMDNNRRPOJIJOOOOGDDdMWWNNMNRERERPPOOOODWONRERERRRRERO

.041E-02
.006E-01
.113E-01
.225E-01
.341E-01
.994E-01
.761E-01
.638E-01
.622E-01
.902E-01
.193E-01
.582E-01
.265E+00
.609E+00
.989E+00
.404E+00
.853E+00
.335E+00
.850E+00
.397E+00
.974E+00
.582E+00
.220E+00
.886E+00
.581E+00
.304E+00
.232E+01
.695E+01
.215E+01
.786E+01
.406E+01
.070E+01
.774E+01
.517E+01
.104E+01
.814E+01
.063E+02
.254E+02
.452E+02
.658E+02
.871E+02
.089E+02
.312E+02
.540E+02
.T72E+02
.008E+02
.247E+02
.490E+02
.025E+02
.670E+02
.136E+03
.406E+03
.944E+03
.477E+03
.004E+03
.526E+03
.042E+03
.553E+03
.059E+03

loNeoNeoNeoNoNoNoNoNoloNoNolNoNolNoNoNoloNoRoNoNoBoNoNolNoNoRoNololoNoloNoNololNoNoloNoNoNoNoloNoNoloNoNoNoNoloNoloNoNoleolNolNo)

.9972
.9972
.9973
.9973
.9973
.9975
.9976
.9976
.9977
.9978
.9978
.9978
.9979
.9979
.9980
.9980
.9980
.9981
.9981
.9981
.9981
.9981
.9982
.9982
.9982
.9982
.9983
.9983
.9984
.9984
.9984
.9985
.9985
.9985
.9986
.9986
.9987
.9987
.9987
.9988
.9988
.9988
.9988
.9989
.9989
.9989
.9989
.9990
.9991
.9992
.9993
.9993
.9994
.9995
.9995
.9996
.9996
.9996
.9997

351



N Jo oo WWNDNNNMNNRERERRERERE OWOWOOMOJIJoO O ud DD WWNNNMNNRERRREREOOWOJOU D WNE OWOOJ0ould whN -

Energy
MeV

.000E-03
.000E-03
.000E-03
.000E-03
.000E-03
.000E-03
.000E-03
.000E-03
.000E-03
.000E-02
.000E-02
.000E-02
.000E-02
.000E-02
.000E-02
.000E-02
.000E-02
.000E-02
.000E-01
.250E-01
.500E-01
.750E-01
.000E-01
.250E-01
.500E-01
.750E-01
.000E-01
.500E-01
.000E-01
.500E-01
.000E-01
.500E-01
.000E-01
.500E-01
.000E-01
.500E-01
.000E-01
.500E-01
.000E-01
.500E-01
.000E+00
.250E+00
.500E+00
.750E+00
.000E+00
.250E+00
.500E+00
.750E+00
.000E+00
.500E+00
.000E+00
.500E+00
.000E+00
.500E+00
.000E+00
.500E+00
.000E+00
.500E+00

NDNNNDNMNODNNDNNDMNWWWWSdD_DdMdDOOUOOOODOOOOI I I JOOOOCORRRFRRPRPERPEPERPERERPREPER OO DDOWWWNDDNDRE

Electron
stp.— Pow

MeV —(cm® | g)

.540E+01
.178E+01
.668E+01
.081lE+01
.444E+01
.773E+01
.075E+01
.357E+01
.621E+01
.871E+01
.621E+01
.885E+01
.884E+01
.702E+01
.038E+02
.095E+02
.141E+02
.180E+02
.211E+02
.261E+02
.281E+02
.279E+02
.263E+02
.236E+02
.204E+02
.169E+02
.133E+02
.064E+02
.998E+01
.437E+01
.950E+01
.518E+01
.137E+01
.801E+01
.505E+01
L.242E+01
.008E+01
.799E+01
.612E+01
.444E+01
.292E+01
.688E+01
L.222E+01
.846E+01
.534E+01
.269E+01
.040E+01
.840E+01
.663E+01
.364E+01
.118E+01
.913E+01
.7137E+01
.586E+01
.453E+01
.336E+01
.231E+01
.137E+01

PFRPRPRPREPRPRPRPEPEPRPEREPNDNNDMNDNDNOOWOWS DU ITJTO0OO0OOOFRRPRPRPRPRERPEENDNNDNDNDWOWWWSDOUOJJJ-J00O00 0 o o

Nuclear
stp.— Pow
MeV —(cm® | g)

.290E-01
.554E-01
.508E-01
.374E-01
.208E-01
.033E-01
.856E-01
.682E-01
.514E-01
.352E-01
.075E-01
.230E-01
.626E-01
.169E-01
.807E-01
.513E-01
.268E-01
.060E-01
.880E-01
.522E-01
.253E-01
.042E-01
.872E-01
.730E-01
.611E-01
.509E-01
.421E-01
.274E-01
.158E-01
.063E-01
.838E-02
.166E-02
.589E-02
.086E-02
.644E-02
.253E-02
.903E-02
.588E-02
.303E-02
.044E-02
.807E-02
.873E-02
.216E-02
.725E-02
.344E-02
.038E-02
.788E-02
.578E-02
.400E-02
.112E-02
.890E-02
.713E-02
.568E-02
.447E-02
.344E-02
.256E-02
.180E-02
.113E-02

NDNNNDNMNDNNDNNDNWLWWLWWWSdD_DdMdDOOUOOOODOOOI I I JOOOORFRRRERPRPERPEPERPERERPRERPER OO DDOWWWNDDNDRE

LEAD
Total
stp.— Pow

MeV —(cm® | g)
.623E+01
.264E+01
.753E+01
.164E+01
.526E+01
.853E+01
.154E+01
.433E+01
.696E+01
.944E+01
.682E+01
.937E+01
.930E+01
.744E+01
.042E+02
.098E+02
.145E+02
.183E+02
.214E+02
.264E+02
.283E+02
.281E+02
.265E+02
.238E+02
.206E+02
.171E+02
.135E+02
.065E+02
.001E+02
.448E+01
.960E+01
.528E+01
.146E+01
.810E+01
.512E+01
.249E+01
.015E+01
.806E+01
.619E+01
.450E+01
.298E+01
.693E+01
.226E+01
.850E+01
.537E+01
L272E+01
.043E+01
.843E+01
.666E+01
.366E+01
.120E+01
.914E+01
.739E+01
.587E+01
.454E+01
.337E4+01
.232E+01
.138E+01

352
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CSDA
Range

(g/em®)

.079E-04
.592E-04
.990E-04
.328E-04
.627E-04
.898E-04
.148E-04
.381E-04
.600E-04
.807E-04
.523E-04
.889E-04
.074E-04
.144E-04
.014E-03
.107E-03
.196E-03
.282E-03
.365E-03
.567E-03
.763E-03
.957E-03
.154E-03
.353E-03
.558E-03
.768E-03
.985E-03
.440E-03
.925E-03
.439E-03
.983E-03
.555E-03
.155E-03
.782E-03
.435E-03
.113E-03
.814E-03
.538E-03
.028E-02
.105E-02
.183E-02
.602E-02
.061E-02
.558E-02
.091E-02
.659E-02
.261E-02
.896E-02
.562E-02
.988E-02
.532E-02
.019E-01
.196E-01
.384E-01
.583E-01
.792E-01
.011E-01
.239E-01

NP RPRPRPRPRPRPRPROONOPWWNNRERPRERROOOOJOOOU U WWNNNMNRERRERRPREROIODOGO®WWNEREOOJO U O WND R -

Projected
Range
(g/cm®)

.006E-05
.843E-05
.658E-05
.460E-05
.255E-05
.045E-05
.830E-05
.611E-05
.387E-05
.160E-05
.581E-04
.325E-04
.048E-04
.752E-04
.440E-04
.115E-04
.781E-04
.438E-04
.091E-04
.712E-04
.034E-03
.199E-03
.368E-03
.543E-03
.723E-03
.910E-03
.104E-03
.514E-03
.955E-03
.425E-03
.925E-03
.452E-03
.007E-03
.589E-03
.196E-03
.827E-03
.481E-03
.157E-03
.854E-03
.571E-03
.031E-02
.424E-02
.858E-02
.329E-02
.836E-02
.377E-02
.951E-02
.557E-02
.195E-02
.561E-02
.043E-02
.639E-02
.134E-01
.316E-01
.507E-01
.709E-01
.920E-01
.142E-01

[eNeoNoNoNoNoNoNololoNoNolNoNoNolNoNoBoNoBoloNoBolNoNoNoNoloNoloBoNololoNoloNolNoloNoloNoNoNoNolNoBoNoNoNoNoNolNololNolNololNo]

Detour

Factor

.0932
.1158
.1335
.1486
.1620
L1741
.1852
.1955
.2052
L2143
.2863
.3376
.3776
.4104
.4381
.4621
.4833
.5022
.5193
.5561
.5865
.6126
.6353
.6555
.6736
.6900
.7048
.7309
.7529
L7716
.7876
.8015
.8135
.8241
.8333
. 8415
.8488
.8552
.8611
.8663
.8710
.8893
.9016
.9105
.9174
.9228
.9272
.9308
.9339
.9389
.9427
.9458
.9483
.9504
.9522
.9538
.9552
.9564



H O -Joud WNNRHFERPEPOWWOWOMOOITJooOuuddWWNDNNNMNNNRERERERPRPRPRRPROOWOOIJoO O b >dwWwwNDNDNNNRE PP EFE OO

.000E+00
.500E+00
.000E+00
.500E+00
.000E+01
.250E+01
.500E+01
.750E+01
.000E+01
.500E+01
.750E+01
.000E+01
.500E+01
.000E+01
.500E+01
.000E+01
.500E+01
.000E+01
.500E+01
.000E+01
.500E+01
.000E+01
.500E+01
.000E+01
.500E+01
.000E+02
.250E+02
.500E+02
.750E+02
.000E+02
.250E+02
.500E+02
.750E+02
.000E+02
.500E+02
.000E+02
.500E+02
.000E+02
.500E+02
.000E+02
.500E+02
.000E+02
.500E+02
.000E+02
.500E+02
.000E+02
.500E+02
.000E+03
.500E+03
.000E+03
.500E+03
.000E+03
.000E+03
.000E+03
.000E+03
.000E+03
.000E+03
.000E+03
.000E+04

PR R, R R R, R, R, R, R, R, R, R R R R R R RRRRPRRPRPRPRPRPOONNNNNWO0WOWWWESELSDNTCCONGNJ®O®O®ORRERRRRRRFN

.051E+01
.974E+01
.903E+01
.838E+01
.T78E+01
.535E+01
.359E+01
.223E4+01
.116E+01
.550E+00
.929E+00
.393E+00
.514E+00
.822E+00
.264E+00
.804E+00
.418E+00
.088E+00
.804E+00
.557E+00
.339E+00
.146E+00
.973E+00
.818E+00
.678E+00
.551E+00
.056E+00
.713E+00
.462E+00
.270E+00
.118E+00
.996E+00
.895E+00
.810E+00
.676E+00
.576E+00
.499E+00
.437E+00
.388E+00
.347E+00
.314E+00
.286E+00
.262E+00
.242E+00
.224E+00
.209E+00
.197E+00
.185E+00
.130E+00
.120E+00
.124E+00
.135E+00
.161E+00
.187E+00
.211E+00
.233E+00
.253E+00
.271E+00
.288E+00

FRPEPNMNMNNMNMNOWOWMMOOOJORRPRERERPRPEEPENNMNMMNMDNDNNDNOWOWSS DSEMMUOOOODYIOFRRPRPEREPRPRPRPEEPRPEREPENDMNDNDNDWWWDDOGIOJOOOWOWOR

.053E-02
.999E-03
.521E-03
.090E-03
.698E-03
.176E-03
.127E-03
.359E-03
.770E-03
.923E-03
.608E-03
.342E-03
.916E-03
.591E-03
.334E-03
.125E-03
.952E-03
.806E-03
.681E-03
.573E-03
.479E-03
.396E-03
.322E-03
.255E-03
.196E-03
.142E-03
.329E-04
.905E-04
.870E-04
.081E-04
.459E-04
.957E-04
.541E-04
.192E-04
.637E-04
.215E-04
.883E-04
.615E-04
.394E-04
.209E-04
.051E-04
.914E-04
.795E-04
.691E-04
.598E-04
.515E-04
.441E-04
.374E-04
.419E-05
.205E-05
.854E-05
.940E-05
.780E-05
.072E-05
.593E-05
.247TE-05
.985E-05
.T79E-05
.613E-05

FRERPRPRPRPRRERRRPRPRPRRERRPRPRRERRPRPRPRERERERPRPRRRERERNNNODNNNDNWOOWWWDEDSDSDOCUOOOJMOWOWR R RN

.052E+01
.975E+01
.904E+01
.839E+01
.779E+01
.536E+01
.359E+01
.224E4+01
.116E+01
.554E+00
.932E+00
.396E+00
.516E+00
.825E+00
.267E+00
.806E+00
.420E+00
.090E+00
.806E+00
.558E+00
.340E+00
.147E4+00
.974E4+00
.819E+00
.679E+00
.552E+00
.057E+00
.714E+00
.463E+00
.271E+00
.119E+00
.996E+00
.895E+00
.810E+00
.677E+00
.577E+00
.499E+00
.438E+00
.388E+00
.348E+00
.314E+00
.286E+00
.262E+00
.242E4+00
.224E+00
.210E+00
.197E4+00
.186E+00
.130E4+00
.120E+00
.124E+00
.135E+00
.161E+00
.187E4+00
.211E+00
.233E+00
.253E+00
.271E4+00
.288E+00

O Joudbh D WNRERPRERPRPRPOOOGO DD WWWONNRERRPRPRERPOJOOOUO P, WONREREFRPEPRERPRPRPEPOIONOGO WNNRERERROOOOUWWNDDNDDN

.478E-01
.727E-01
.985E-01
.252E-01
.528E-01
.046E-01
.780E-01
.722E-01
.086E+00
.572E+00
.843E+00
.132E+00
.763E+00
.462E+00
.227E+00
.057E+00
.949E+00
.901E+00
.913E+00
.982E+00
.011E+01
.129E+01
.252E+01
.380E+01
.514E+01
.652E+01
.414E+01
.284E+01
.253E+01
.312E+401
.453E+01
.669E+01
.955E+01
.031E+02
.318E+02
.626E+02
.952E+02
.292E+02
.646E+02
.012E+02
.388E+02
.7T73E+02
.165E+02
.565E+02
.971E+02
.382E+02
.797E+02
.217E+02
.056E+03
.501E+03
.947E+03
.390E+03
.261E+03
.113E+03
.947E+03
.765E+03
.569E+03
.361E+03
.143E+03

O Jo DD WNRERPRERPRPRPOODOOGOO DD WWNMNNMNNREFRPRPRPRERPOJOODOOP WONRERERPEPRERPRE OIS DWNNRERERROODSWWNDDNDDN

.373E-01
.613E-01
.863E-01
.122E-01
.390E-01
.863E-01
.548E-01
.438E-01
.052E+00
.526E+00
.790E+00
.072E+00
.688E+00
.371E+00
.120E+00
.931E+00
.804E+00
.737E+00
.727E+00
.774E+00
.876E+00
.103E+01
.224E+401
.350E+01
.481E+01
.616E+01
.364E+01
.219E+401
.171E+01
.212E+401
.335E+01
.533E+01
.799E+01
.013E+02
.296E+02
.600E+02
.921E+402
.258E+02
.608E+02
.969E+02
.341E+02
.722E+02
.110E+02
.506E+02
.908E+02
.315E+02
L.727E402
.143E+02
.045E+03
.488E+03
.932E+03
.372E+03
.241E+03
.090E+03
.922E+403
.738E+03
.541E+03
.332E+03
.112E+03

loNeoNeoNoNoNoNoNoNololNoNolNoNoNoNoNoloNoRoNoNoBoNoNoNoNoloNololoNoloNoNololNoNoBolNoNoNoNoloNoNoloNoNoNolNoloNololNolNoleolNolNo)

.9575
.9584
.9593
.9601
.9608
.9638
.9658
.9674
.9687
.9706
.9713
.9720
.9730
.9739
.9746
.9752
.9757
.9761
.9765
.9769
L9772
.9775
.9778
.9781
.9783
.9785
.9794
.9802
.9808
.9813
.9818
.9822
.9826
.9829
.9836
.9841
.9846
.9850
.9854
.9858
.9862
.9865
.9868
.9871
.9873
.9876
.9878
.9881
.9898
.9910
.9919
.9926
.9936
.9944
.9949
.9954
.9957
.9960
.9962

353
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Energy
MeV

.000E-03
.000E-03
.000E-03
.000E-03
.000E-03
.000E-03
.000E-03
.000E-03
.000E-03
.000E-02
.000E-02
.000E-02
.000E-02
.000E-02
.000E-02
.000E-02
.000E-02
.000E-02
.000E-01
.250E-01
.500E-01
.750E-01
.000E-01
.250E-01
.500E-01
.750E-01
.000E-01
.500E-01
.000E-01
.500E-01
.000E-01
.500E-01
.000E-01
.500E-01
.000E-01
.500E-01
.000E-01
.500E-01
.000E-01
.500E-01
.000E+00
.250E+00
.500E+00
.750E+00
.000E+00
.250E+00
.500E+00
.750E+00
.000E+00
.500E+00
.000E+00
.500E+00
.000E+00
.500E+00
.000E+00
.500E+00
.000E+00
.500E+00

oo J~JO0ORRFRPREPRERPEREPREFENDNNDNDNNDMNDWWWWWWNSDSODOOUOUOHNONOJJ0WO0WOWOWOo-JJouldHdwwwdhhdhhDNeE -

Electron
stp.— Pow

MeV —(cm® | g)

.337E+02
.891E+02
.316E+02
.675E+02
.990E+02
.276E+02
.538E+02
.782E+02
.012E+02
.229E+02
.673E+02
.628E+02
.290E+02
.7T40E+02
.026E+02
.183E+02
.241E+02
.222E+02
.145E+02
.801E+02
.360E+02
.959E+02
.604E+02
.286E+02
.999E+02
.137E+02
.497E+02
.075E+02
.714E+02
.401E+02
.128E+02
.888E+02
.676E+02
.489E+02
.322E+02
.172E+02
.037E+02
.914E+02
.803E+02
.700E+02
.606E+02
.228E+02
.955E+02
.T48E+02
.585E+02
.453E+02
.343E+02
.250E+02
.171E+02
.041E+02
.398E+01
.580E+01
.906E+01
.339E+01
.854E+01
.434E+01
.068E+01
.744E+01

WWwdh DU JOORFRRERPRERPERERENMNNMNDMNNDMNNDNMNMNMNWOLWWLWWSDSEdMUOOOODIOORFRRPRPEPRERPENMNNMDNNDNOOORRERRERREREREREREREDNDDNDD

WATER, LIQUID

Nuclear
stp.— Pow
MeV —(cm® | g)

.315E+01
.927E+01
.281E+01
.894E+01
.631E+01
.439E+01
.292E+01
.175E+01
.080E+01
.000E+01
.939E+00
.325E+00
.437E+00
.870E+00
.473E+00
.178E+00
.951E+00
.769E+00
.620E+00
.343E+00
.152E+00
.010E+00
.016E-01
.152E-01
.447E-01
.855E-01
.351E-01
.545E-01
.928E-01
.439E-01
.043E-01
.715E-01
.438E-01
.201E-01
.996E-01
.817E-01
.658E-01
.516E-01
.390E-01
.276E-01
.173E-01
.775E-01
.504E-01
.307E-01
.157E-01
.038E-01
.428E-02
.637E-02
.972E-02
.916E-02
.113E-02
.481E-02
.970E-02
.549E-02
.195E-02
.894E-02
.634E-02
.407E-02

oo J~JO0ORRFRPREPRERPEREPREPENNDNNDNNDNDWWWWWWNSDDDODOOUOHNONNONOJJ0WO0WOWONWO-JJo U dHwwwwbdhhdhDN -

Total
stp.— Pow
MeV —(cm® | g)
.769E+02
.184E+02
.544E+02
.864E+02
.153E+02
.420E+02
.667E+02
.900E+02
.120E+02
.329E+02
.733E+02
.671E+02
.324E+02
.768E+02
.050E+02
.205E+02
.260E+02
.239E+02
.161E+02
.814E+02
.371E+02
.969E+02
.613E+02
.294E+02
.006E+02
.744E+02
.504E+02
.080E+02
.719E+02
.406E+02
.132E+02
.891E+02
.680E+02
.492E+02
.325E+02
.175E+02
.039E+02
.917E+02
.805E+02
.702E+02
.608E+02
.229E+02
.957E+02
.749E+02
.586E+02
.454E+02
.344E+02
.251E+02
.172E+02
.042E+02
.404E+01
.586E+01
.911E+01
.343E+01
.858E+01
.438E+01
.071E+01
.747E+01

354

oo WWNRERERPRERPPRPOJIJO WONDNMNNNRRERPRPERPRPERPOIJOOSDWWONNMNMRREREFRPRPEROOJOWWWNNDMNRERRO

CSDA
Range

(g/cm?)

.319E-06
.137E-05
.560E-05
.930E-05
.262E-05
.567E-05
.849E-05
.113E-05
.363E-05
.599E-05
.578E-05
.187E-05
.613E-05
.935E-05
.120E-04
.243E-04
.364E-04
.485E-04
.607E-04
.920E-04
.249E-04
.598E-04
.966E-04
.354E-04
.761E-04
.186E-04
.631E-04
.577E-04
.599E-04
.697E-04
.869E-04
.012E-03
.144E-03
.283E-03
.430E-03
.584E-03
.745E-03
.913E-03
.088E-03
.270E-03
.458E-03
.499E-03
.698E-03
.052E-03
.555E-03
.203E-03
.099E-02
.292E-02
.499E-02
.952E-02
.458E-02
.015E-02
.623E-02
.279E-02
.984E-02
.737E-02
.537E-02
.384E-02

~oouodbdbdwwdNDRERErRPRPRPRPPRPOJIJOOMWONMNNMNNNRRERPRPERPRPPOOCIONOODDWWONNMNMRRERRRPRPREROOJOSNNMDMDNNRERERRERROOODN

Projected
Range
(g/cm®)

.878E-06
.909E-06
.811E-06
.155E-05
.415E-05
.661E-05
.896E-05
.121E-05
.337E-05
.545E-05
.356E-05
.883E-05
.259E-05
.547E-05
.782E-05
.099E-04
.218E-04
.338E-04
.458E-04
.767E-04
.094E-04
.440E-04
.806E-04
.191E-04
.596E-04
.019E-04
.462E-04
.404E-04
.422E-04
.515E-04
.683E-04
.926E-04
.124E-03
.263E-03
.410E-03
.563E-03
.724E-03
.891E-03
.066E-03
.247E-03
.435E-03
.472E-03
.669E-03
.020E-03
.519E-03
.164E-03
.095E-02
.288E-02
.494E-02
.946E-02
.451E-02
.007E-02
.613E-02
.268E-02
.972E-02
.724E-02
.522E-02
.368E-02

[eNeoNoNoNoNoNoNolololNoNolNoNoNolNoNoloNoBololNoBoNoNoNoNoNoNoloBoNololoNolNoNolNololNoloNoNoNoNolNoBoNoNeoNoNolNolNololNoNololNo]

Detour

Factor

.4555
.5197
.5647
.5986
.6254
.6473
.6656
.6813
.6950
.7070
.7808
.8187
.8429
.8602
.8735
.8842
.8931
.9007
.9073
.9207
.9310
.9393
. 9460
.9515
.9562
.9601
.9635
.9689
.9731
.9764
.9790
. 9811
.9829
.9844
. 9857
.9868
.9877
.9886
.9893
.9899
.9905
.9925
.9938
.9946
.9952
.9957
.9960
.9963
.9965
.9968
.9971
.9973
.9974
.9975
.9976
L9977
.9977
.9978
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.000E+00
.500E+00
.000E+00
.500E+00
.000E+01
.250E+01
.500E+01
.750E+01
.000E+01
.500E+01
.750E+01
.000E+01
.500E+01
.000E+01
.500E+01
.000E+01
.500E+01
.000E+01
.500E+01
.000E+01
.500E+01
.000E+01
.500E+01
.000E+01
.500E+01
.000E+02
.250E+02
.500E+02
.750E+02
.000E+02
.250E+02
.500E+02
.750E+02
.000E+02
.500E+02
.000E+02
.500E+02
.000E+02
.500E+02
.000E+02
.500E+02
.000E+02
.500E+02
.000E+02
.500E+02
.000E+02
.500E+02
.000E+03
.500E+03
.000E+03
.500E+03
.000E+03
.000E+03
.000E+03
.000E+03
.000E+03
.000E+03
.000E+03
.000E+04

NDNDNNDNNDNODNNDNNODNNDNODNNNODNDNDNNDNNONNDNNNNNNDNNNOWWWWSDSDNUOOYI I JOO0OOORRPREPRPERPRPEPENDMNDNODNDWWSDDOO

.456E+01
.199E+01
.966E+01
.756E+01
.564E+01
.813E+01
.290E+01
.904E+01
.605E+01
.174E+01
.012E+01
.875E+01
.656E+01
.487E+01
.353E+01
.244E+01
.154E+01
.078E+01
.012E+01
.555E+00
.059E+00
.622E+00
.233E+00
.884E+00
.570E+00
.286E+00
.190E+00
.443E+00
.901E+00
.491E+00
.169E+00
.910E+00
.697E+00
.519E+00
.240E+00
.031E+00
.870E+00
. 743E+00
.640E+00
.555E+00
.485E+00
.426E+00
.375E+00
.333E+00
.296E+00
.264E+00
.236E+00
.211E+00
.070E+00
.021E+00
.004E+00
.001E+00
.012E+00
.031E+00
.052E+00
.072E+00
.091E+00
.109E+00
.126E+00

Wb DO JORFRRPEPENWWWWEDdDODOUODNDIJORRPRPRPEEPENNMNNDMNDNWWLWWWWSSDdDOUOOOODIJORFRRERPRPRERENDNDNDDNDWW

.208E-02
.031E-02
.873E-02
.731E-02
.603E-02
.111E-02
.T78E-02
.538E-02
.356E-02
.098E-02
.003E-02
.239E-03
.983E-03
.034E-03
.290E-03
.691E-03
.199E-03
.786E-03
.435E-03
.134E-03
.871E-03
.641E-03
.437E-03
.255E-03
.092E-03
.944E-03
.381E-03
.001E-03
.128E-03
.522E-03
.361E-03
.231E-03
.124E-03
.035E-03
.936E-04
.870E-04
.037E-04
.367E-04
.816E-04
.355E-04
.963E-04
.626E-04
.333E-04
.076E-04
.849E-04
.646E-04
.464E-04
.300E-04
.249E-04
.715E-04
.390E-04
.171E-04
.939E-05
.251E-05
.112E-05
.291E-05
.669E-05
.181E-05
.788E-05

NDNDNNDNNDNNODNNDNONNDDNODNNNODNDNNNDNONNDNNNNNNDNNNOWWWWS SN IJOO0OOORRPRREPRPEERPEPENDNDNDNDWWS DO O

.460E+01
.202E+01
.969E+01
.759E+01
.567E+01
.815E+01
.292E+01
.905E+01
.607E+01
.175E+01
.013E+01
.876E+01
.656E+01
.488E+01
.354E+01
.245E+01
.154E+01
.078E+01
.013E+01
.559E+00
.063E+00
.625E+00
.236E+00
.888E+00
.573E+00
.289E+00
.192E+00
.445E+00
.903E+00
.492E+00
.170E+00
.911E+00
.698E+00
.520E+00
.241E+00
.032E+00
.871E+00
.743E+00
.640E+00
.556E+00
.485E+00
.426E+00
.376E+00
.333E+00
.296E+00
.264E+00
.236E+00
.211E+00
.070E+00
.021E+00
.004E+00
.001E+00
.012E+00
.031E+00
.052E+00
.072E+00
.091E+00
.109E+00
.126E+00

355

B WWNNREPERPRPRPRPOUOWWNNMNNMNRERRPRPRREPROODUUOPR WOWNNMNRR IO DWWNNRERERPRPOJIODD WONRER PP R OO

.277E-02
.215E-02
.020E-01
.123E-01
.230E-01
.832E-01
.539E-01
.350E-01
.260E-01
.370E-01
.566E-01
.853E-01
.170E+00
.489E+00
.841E+00
.227E+00
.644E+00
.093E+00
.572E+00
.080E+00
.618E+00
.184E+00
.7T77E+00
.398E+00
.045E+00
.718E+00
.146E+01
.577E+01
.062E+01
.596E+01
.174E+01
.794E+01
.452E+01
.145E+01
.628E+01
.225E+01
.921E+401
.170E+02
.356E+02
.549E+02
.747E+02
.951E+02
.159E+02
.372E+02
.588E+02
.807E+02
.029E+02
.254E+02
.605E+02
.054E+02
.054E+03
.304E+03
.802E+03
.297E+03
.787E+03
.272E+03
.752E+03
.228E+03
.700E+03

D W WNNNRPERPRPRPRPROCWWNDNNMDNMNNRERRRPRPRPROOODOODWWNDNNRPRR, IO DMMWLWWOWNMNNDMRERRPROJIODDP WONERE R PR O

.259E-02
.196E-02
.018E-01
.120E-01
.228E-01
.828E-01
.535E-01
.344E-01
.252E-01
.359E-01
.553E-01
.839E-01
.168E+00
.486E+00
.839E+00
.224E+00
.641E+00
.089E+00
.567E+00
.075E+00
.611E+00
.176E+00
.769E+00
.389E+00
.035E+00
.707E+00
.144E+01
.576E+01
.060E+01
.593E+01
.171E+01
.790E+01
.447E+01
.139E+01
.621E+01
.217E+01
.912E+401
.169E+02
.355E+02
.547E+02
.746E+02
.949E+02
.158E+02
.370E+02
.586E+02
.805E+02
.027E+02
.252E+02
.601E+02
.049E+02
.053E+03
.303E+03
.802E+03
.296E+03
.786E+03
.271E+03
.751E+03
.227E+03
.699E+03

loNeoNeoNoNoNoNoNolNoloNoNolNoNoNoNoNoloNoRoNoNoBoNoloNoNoloNololoNololNoNololNoNoBoNoNoNoNoloNoNoloNoNoNoNoloNoloNoNoleolNolNo)

.9978
.9979
.9979
.9979
.9980
.9981
.9982
.9982
.9983
.9983
.9984
.9984
.9984
.9985
.9985
.9985
.9985
.9986
.9986
.9986
.9986
.9986
.9986
.9986
.9986
.9987
.9987
.9987
.9988
.9988
.9988
.9989
.9989
.9989
.9989
.9990
.9990
.9990
.9991
.9991
.9991
.9991
.9991
.9992
.9992
.9992
.9992
.9992
.9993
.9994
.9995
.9995
.9996
.9996
.9997
.9997
.9997
.9997
.9998
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Energy
MeV

.000E-02
.500E-02
.000E-02
.000E-02
.000E-02
.000E-02
.000E-02
.000E-02
.000E-02
.000E-02
.000E-01
.500E-01
.000E-01
.000E-01
.000E-01
.000E-01
.000E-01
.000E-01
.000E-01
.000E-01
.000E+00
.500E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+01
.500E+01
.000E+01
.000E+01
.000E+01
.000E+01
.000E+01
.000E+01
.000E+01
.000E+01
.000E+02
.500E+02
.000E+02
.500E+02
.000E+02
.500E+02
.000E+02
.500E+02
.000E+02
.500E+02
.000E+02
.000E+02
.000E+02
.000E+02
.000E+03

DNDNONNDNNDNDNNONNNDNDNNMNODNNNDNDNOMNNDNNDNMDNDMNNNMDNMDNNNNRERRPRPRPRRPRPRERRRPRPERERRRNDNDNDWWDDS IO O

Stopping Powers and

AIR, DRY
Collision Radiative
stp.— Pow stp.— Pow

MeV —(cm’ | g) MeV —(cm’ / g)
.975E+01 3.897E-03 1
.444FE+01 3.937E-03 1
.157E+01 3.954E-03 1
.491E+00 3.976E-03 8
.848E+00 3.998E-03 6
.818E+00 4.025E-03 5
.110E+00 4.057E-03 5
.593E+00 4.093E-03 4
.197E+00 4.133E-03 4
.885E+00 4.175E-03 3
.633E+00 4.222E-03 3
.861E+00 4.485E-03 2
.469E+00 4.789E-03 2
.084E+00 5.495E-03 2
.902E+00 6.311E-03 1
.802E+00 7.223E-03 1
.743E+00 8.210E-03 1
.706E+00 9.258E-03 1
.683E+00 1.036E-02 1
.669E+00 1.151E-02 1
.661E+00 1.271E-02 1
.661E+00 1.927E-02 1
.684E+00 2.656E-02 1
.740E+00 4.260E-02 1
.790E+00 5.999E-02 1
.833E+00 7.838E-02 1
.870E+00 9.754E-02 1
.902E+00 1.173E-01 2
.931E+00 1.376E-01 2
.956E+00 1.584E-01 2
.979E+00 1.795E-01 2
.069E+00 2.895E-01 2
.134E+00 4.042E-01 2
.226E+00 6.417E-01 2
.282E+00 8.855E-01 3
.319E+00 1.133E+00 3
.347E+00 1.384E+00 3
.369E+00 1.637E+00 4
.387E+00 1.892E+00 4
.403E+00 2.148E+00 4
.417E+00 2.405E+00 4
.468E+00 3.705E+00 6
.502E+00 5.018E+00 7
.529E+00 6.340E+00 8
.550E+00 7.667E+00 1
.567E+00 8.998E+00 1
.582E+00 1.033E+01 1
.595E+00 1.167E+01 1
.606E+00 1.301E+01 1
.616E+00 1.435E+01 1
.625E+00 1.569E+01 1
.641E+00 1.838E+01 2
.653E+00 2.107E+01 2
.664E+00 2.376E+01 2
.674E+00 2.646E+01 2

Range Tables for Electrons
(NEAR SEA LEVEL)

Total
stp.— Pow
MeV —(cm® | g)

.976E+01
.445E+01
.158E+01
.495E+00
.852E+00
.822E+00
.114E+00
.597E+00
.201E+00
.889E+00
.637E+00
.865E+00
.474E+00
.089E+00
.908E+00
.809E+00
.751E+00
.715E+00
.694E+00
.681E+00
.674E+00
.680E+00
.711E+00
. 783E+00
.850E+00
.911E+00
.967E+00
.020E+00
.068E+00
.115E+00
.159E+00
.359E+00
.539E+00
.868E+00
.167E+00
.452E+00
.731E+00
.006E+00
.279E+00
.551E+00
.822E+00
.173E+00
.520E+00
.868E+00
.022E+01
.157E+01
.292E+01
.427E+01
.562E+01
.697E+01
.832E+01
.102E+01
.372E+01
.643E+01
.913E+01

356

O WOWWOWOWW-JJJoo U U DdWNNNMNNRERPRERPPOJODPDWWOWNNRER I WWNERPRPROOOWRERROODS WN OO DN

CSDA
Range
(g/cm®)

.884E-04
.886E-04
.782E-04
.002E-03
.322E-03
.913E-03
.751E-03
.817E-03
.110E-02
.357E-02
.623E-02
.193E-02
.082E-02
.528E-02
.456E-01
.995E-01
.558E-01
.136E-01
.723E-01
.316E-01
.912E-01
.901E-01
.085E+00
.658E+00
.208E+00
.740E+00
.255E+00
.757E+00
.246E+00
.724E+00
.192E+00
.405E+00
.447E+00
.315E+01
.646E+01
.948E+01
.227E+01
.486E+01
.727E4+01
.954E+01
.167E+01
.081E+01
.814E+01
.425E+01
.950E+01
.410E+01
.819E+01
.187E+01
.522E+01
.829E+01
.113E+01
.622E+01
.069E+01
.468E+01
.829E+01

N JdJo oo WWNNNMNNREREREPRPOOODDDWWNNMNRERERJUOWWWNNMNMNRERERRPEROOODOD OGO WWNERERRE

Radiationd
Yield

.082E-04
.506E-04
.898E-04
.619E-04
.280E-04
.900E-04
.488E-04
.050E-04
.590E-04
.112E-04
.618E-04
.968E-04
.111E-03
.502E-03
.869E-03
.225E-03
.577E-03
.930E-03
.283E-03
.639E-03
.997E-03
.836E-03
.T48E-03
.173E-02
.583E-02
.001E-02
.422E-02
.846E-02
.269E-02
.692E-02
.113E-02
.182E-02
.167E-02
.186E-01
.520E-01
.825E-01
.104E-01
.361E-01
.598E-01
.818E-01
.022E-01
.859E-01
.484E-01
.972E-01
.365E-01
.691E-01
.967E-01
.203E-01
.409E-01
.589E-01
.750E-01
.022E-01
.247E-01
.435E-01
.595E-01

BB DWWWWWNNNNNNERERP OO WERE O OO0 0000000000000 000000000O00O0O0oooo

D.Effect
Parameter

.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.563E-03
.375E-01
.189E-01
.025E-01
.758E-01
.361E-01
.837E-01
.120E+00
.670E+00
.078E+00
.403E+00
.674E+00
.909E+00
.116E+00
.302E+00
.471E+00
.627E+00
.772E+00
.034E+00
.267E+00
.476E+00
.667E+00



OO Jo b WNhEPERFPF OOJOUPd WWNNRERPRPREROOJIJOOG O DdWNREPERE OOJ0U s WNEFERPR WOWOJ0Uh s Wb -

Energy
MeV

.000E-02
.000E-02
.000E-02
.000E-02
.000E-02
.000E-02
.000E-02
.000E-02
.000E-02
.000E-01
.500E-01
.000E-01
.000E-01
.000E-01
.000E-01
.000E-01
.000E-01
.000E-01
.000E-01
.000E+00
.500E+00
.000E+00
.000E+00
.000E+00
.500E+00
.000E+00
.500E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+01
.250E+01
.500E+01
.750E+01
.000E+01
.500E+01
.000E+01
.500E+01
.000E+01
.000E+01
.000E+01
.000E+01
.000E+01
.000E+01
.000E+02
.500E+02
.000E+02
.000E+02
.000E+02
.000E+02
.000E+02
.000E+02
.000E+02
.000E+02

MNNRPRFRPRRRPRRRPRRRPRPRRPRERPRREPRERREPEPRERPREREPRRPERREPEREREPERERRONWWWWS GO0

Collision
stp.— Pow
MeV —(cm®/ g)

.649E+01
.844E+00
.287E+00
.909E+00
.039E+00
.439E+00
.998E+00
.661E+00
.394E+00
.177E+00
.513E+00
.174E+00
.839E+00
.680E+00
.592E+00
.540E+00
.507E+00
.486E+00
.473E+00
.465E+00
.460E+00
.475E+00
.510E+00
.540E+00
.552E+00
.564E+00
.574E+00
.583E+00
.599E+00
.613E+00
.625E+00
.636E+00
.658E+00
.676E+00
.691E+00
.704E+00
.726E+00
. 743E+00
.757E+00
.769E+00
.789E+00
.805E+00
.818E+00
.829E+00
.838E+00
.847E+00
.879E+00
.900E+00
.931E+00
.952E+00
.969E+00
.983E+00
.994E+00
.004E+00
.013E+00

WwWwNhNNERPERPRPRPRPJOOWWNNMDNNNRERRPRRPRPOOODOODDWOWNMNMNNNRRPEREFRPPOODP WONEFEFRPRPRPRPRERPRPRPRFRFOOIIIIIIIIJ00

Radiative
stp.— Pow
MeV —(cm® | g)

.559E-03
.926E-03
.059E-03
.133E-03
.191E-03
.243E-03
.295E-03
.350E-03
.411E-03
.476E-03
.865E-03
.344E-03
.487E-03
.082E-02
.230E-02
.390E-02
.560E-02
.739E-02
.925E-02
.119E-02
.177E-02
.350E-02
.924E-02
.702E-02
.115E-01
.263E-01
.413E-01
.567E-01
.879E-01
.200E-01
.526E-01
.858E-01
.706E-01
.574E-01
.459E-01
.357E-01
.179E-01
.003E+00
.190E+00
.379E+00
.761E+00
.147E+00
.535E+00
.927E+00
.320E+00
.714E+00
.705E+00
.714E+00
.176E+01
.583E+01
.992E+01
.401E+01
.811E+01
.221E+01
.631E+01

ALUMINUM

Total
stp.— Pow

MeV —(cm* | g)

.650E+01
.851E+00
.294E+00
.916E+00
.046E+00
.446E+00
.005E+00
.668E+00
.401E+00
.185E+00
.521E+00
.183E+00
.849E+00
.691E+00
.604E+00
.554E+00
.522E+00
.503E+00
.492E+00
.486E+00
.491E+00
.518E+00
.580E+00
.637E+00
.664E+00
.690E+00
.715E+00
.739E+00
.787E+00
.833E+00
.877E+00
.921E+00
.029E+00
.134E+00
.237E+00
.340E+00
.544E+00
.746E+00
.947E+00
.148E+00
.550E+00
.951E+00
.353E+00
.755E+00
.158E+00
.561E+00
.583E+00
.614E+00
.369E+01
.778E+01
.189E+01
.599E+01
.010E+01
.421E+01
.833E+01

WwWwwNhNNDRPrRPROUJOODWWWLWDNDDODNMDDDMDNMNRFRRRRPERPRPRRPRPEERPEPERPRPEPERERPEENDNDWWWDDDS OO IO

357

N JJo oo UudWWWNNNMNNNRERERRPRRPEROOJOOOSDWWWNNREREROOSDWNNRERPRPRPOOWRRRREJIOWNDEREW

CSDA
Range
(g/cm®)

.539E-04
.170E-03
.367E-03
.900E-03
.738E-03
.855E-03
.023E-02
.284E-02
.568E-02
.872E-02
.659E-02
.804E-02
.083E-01
.652E-01
.260E-01
.894E-01
.545E-01
.206E-01
.874E-01
.546E-01
.913E-01
.224E+00
.869E+00
.491E+00
.794E+00
.092E+00
.386E+00
.675E+00
.242E+00
.795E+00
.334E+00
.861E+00
.127E+00
.328E+00
.472E+00
.056E+01
.261E+01
.450E+01
.626E+01
.790E+01
.089E+01
.356E+01
.597E+01
.817E+01
.019E+01
.205E+01
.972E+01
.557E+01
.424E4+01
.063E+01
.569E+01
.988E+01
.345E+01
.656E+01
.932E+01

V00O JJIJooudDdhWWWwWwNDNDNNNNRERRPRPPRPROIOODUOGTOSS DWWNNMNRERERPJOOODOGOS WONNRERERPERERERRE OO O WN

Radiationd
Yield

.132E-04
.840E-04
.353E-04
.736E-04
.022E-04
.232E-04
.038E-03
.147E-03
.252E-03
.353E-03
.816E-03
.231E-03
.982E-03
.678E-03
.349E-03
.009E-03
.664E-03
.319E-03
.976E-03
.636E-03
.101E-02
.449E-02
.173E-02
.918E-02
.296E-02
.675E-02
.055E-02
.436E-02
.197E-02
.955E-02
.708E-02
.454E-02
.281E-02
.105E-01
.275E-01
.438E-01
.745E-01
.027E-01
.287E-01
.528E-01
.959E-01
.333E-01
.662E-01
.953E-01
.214E-01
.448E-01
.346E-01
.958E-01
.751E-01
.253E-01
.604E-01
.866E-01
.069E-01
.233E-01
.367E-01

P RPRPRPOOWOWOdIJooUuuoudbdDdwWwwwwdhdhhdhhdNNRFRERPRRPRPPRPOOODWODNMNMNRERERRPROSNDERREROOO D WNERE W

D.Effect

Parameter

.534E-04
.031E-03
.005E-03
.246E-03
.732E-03
.440E-03
.351E-03
.045E-02
.271E-02
.513E-02
.907E-02
.525E-02
.116E-02
.190E-01
.569E-01
.943E-01
.307E-01
.661E-01
.005E-01
.339E-01
.898E-01
.349E-01
.145E-01
.183E+00
.311E+00
.433E+00
.550E+00
.661E+00
.868E+00
.055E+00
.226E+00
.384E+00
.727E+00
.016E+00
.265E+00
.484E+00
.857E+00
.168E+00
.435E+00
.669E+00
.068E+00
.401E+00
.687E+00
.938E+00
.161E+00
.363E+00
.150E+00
.716E+00
.519E+00
.091E+00
.536E+00
.900E+00
.021E+01
.047E+01
.071E+01



HOooJdJo b WP RFP, OOJOUdd WNERP OOJU b WNDNDNRFRERPRPRPRPEFP OO WNE P O Jdo0 b wdhEe

Energy
MeV

.000E-02
.500E-02
.000E-02
.000E-02
.000E-02
.000E-02
.000E-02
.000E-02
.000E-02
.000E-02
.000E-01
.500E-01
.000E-01
.000E-01
.000E-01
.000E-01
.000E-01
.000E-01
.000E-01
.000E-01
.000E+00
.250E+00
.500E+00
.750E+00
.000E+00
.500E+00
.000E+00
.000E+00
.000E+00
.500E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+01
.500E+01
.000E+01
.000E+01
.000E+01
.000E+01
.000E+01
.000E+01
.000E+01
.000E+01
.000E+02
.500E+02
.000E+02
.000E+02
.000E+02
.000E+02
.000E+02
.000E+02
.000E+02
.000E+02
.000E+03

PR RPRPRPRRPRPRPRRRPRRRRPRRPRRPRREPEPRRRPERRPRRPREPRR,OOORRREPERERERERERNDNODNNDNWDG O ®

Collision
stp.— Pow
MeV —(cm®/ g)

.428E+00
.561E+00
.453E+00
.182E+00
.463E+00
.997E+00
.670E+00
.426E+00
.237E+00
.087E+00
.964E+00
.583E+00
.387E+00
.193E+00
.102E+00
.053E+00
.026E+00
.009E+00
.000E+00
.957E-01
.939E-01
.966E-01
.004E+00
.014E+00
.024E+00
.044E+00
.063E+00
.095E+00
.120E+00
.132E+00
.142E+00
.160E+00
.175E+00
.189E+00
.201E+00
.246E+00
.277E+00
.318E+00
.345E+00
.365E+00
.381E+00
.395E+00
.406E+00
.415E+00
.423E+00
.455E+00
.476E+00
.504E+00
.523E+00
.538E+00
.550E+00
.560E+00
.568E+00
.576E+00
.583E+00

PFRPRPRPRPRPROJONMNNRERERPRPRP OO WNRERERRERFOOOODODUIED WONNNNNRERPRPEPRERRPRPREROWOWLOTIO OGO B DWWWWwWwNNDDN

Radiative
stp.— Pow
MeV —(cm® | g)

.045E-02
.421E-02
.693E-02
.086E-02
.376E-02
.613E-02
.817E-02
.998E-02
.162E-02
.313E-02
.454E-02
.054E-02
.555E-02
.460E-02
.340E-02
.228E-02
.132E-02
.005E-01
.098E-01
.193E-01
.290E-01
.537E-01
.792E-01
.053E-01
.319E-01
.866E-01
.427E-01
.582E-01
.773E-01
.379E-01
.991E-01
.233E-01
.495E-01
.077E+00
.206E+00
.870E+00
.554E+00
.961E+00
.402E+00
.865E+00
.345E+00
.836E+00
.134E+01
.284E+01
.436E+01
.198E+01
.966E+01
.509E+01
.058E+01
.609E+01
.163E+01
.072E+02
.227E+02
.383E+02
.539E+02

PP PP OdORWNRRPERRPR, OO WWNNNRRRRRRRRRRPRRRRRRRRL,RL,EREERENNNNNNNWWS OGO ®

LEAD

Total
stp.— Pow
MeV —(cm® | g)

.448E+00
.585E+00
.480E+00
.212E+00
.497E+00
.034E+00
.708E+00
.466E+00
.279E+00
.130E+00
.008E+00
.633E+00
.442E+00
.257E+00
.175E+00
.135E+00
.117E+00
.110E+00
.110E+00
.115E+00
.123E+00
.150E+00
.183E+00
.219E+00
.256E+00
.331E+00
.406E+00
.553E+00
.698E+00
.769E+00
.841E+00
.983E+00
.125E+00
.266E+00
.407E+00
.116E+00
.830E+00
.279E+00
.747E+00
.231E+00
.726E+00
.123E+01
.274E+01
.426E+01
.578E+01
.344E+01
.114E+01
.660E+01
.210E+01
.763E+01
.318E+01
.087E+02
.243E+02
.399E+02
.555E+02

358

WwwwwdhNhdDNDNNNRFRERRERERRPRREREPRPRPRPRPOIOCODDLWWONNRERRERE OO WONEFE OO WNNRERERRERJISNDRE

CSDA
Range
(g/em?)

.255E-04
.502E-03
.339E-03
.445E-03
.066E-03
.015E-02
.365E-02
.752E-02
.175E-02
.629E-02
.113E-02
.905E-02
.180E-02
.668E-01
.494E-01
.361E-01
.250E-01
.149E-01
.050E-01
.949E-01
.843E-01
.004E+00
.219E+00
.427E+00
.629E+00
.016E+00
.381E+00
.057E+00
.673E+00
.962E+00
.239E+00
.762E+00
.249E+00
.705E+00
.133E+00
.954E+00
.399E+00
.161E+01
.329E+01
.463E+01
.574E+01
.670E+01
.753E+01
.828E+01
.894E+01
.153E+01
.337E+01
.598E+01
.783E+01
.927E+01
.044E+01
.143E+01
.229E+01
.305E+01
.373E+01

O W WWWWWWOMOOW-IJIJIJoOooOOOUPdWWNNDNNMNMNNNNNRERERRPRPRPRPRPOJOOODOGEO S D WNNRERERERREREOOJOD WNR -

Radiationd
Yield

.191E-03
.810E-03
.432E-03
.664E-03
.872E-03
.055E-03
.214E-03
.349E-03
.461E-03
.055E-02
.162E-02
.664E-02
.118E-02
.917E-02
.614E-02
.241E-02
.820E-02
.363E-02
.877E-02
.369E-02
.842E-02
.960E-02
.009E-02
.001E-01
.096E-01
.277E-01
.447E-01
.761E-01
.045E-01
.177E-01
.304E-01
.543E-01
.765E-01
.970E-01
.162E-01
.955E-01
.555E-01
.412E-01
.002E-01
.439E-01
.7T77E-01
.048E-01
.270E-01
.457E-01
.617E-01
.164E-01
.488E-01
.862E-01
.077E-01
.217E-01
.317E-01
.393E-01
.452E-01
.500E-01
.539E-01

0O JJIJououbd b bdbdbWwWwwNdDNNRPRRPRPRPRPRPPRPROOJOOWLWDWNDNMRRRR,OJOWERR OO D WWDNDERRJD

D.Effect

Parameter

.841E-04
.491E-04
.029E-03
.633E-03
.294E-03
.011E-03
.783E-03
.608E-03
.485E-03
.413E-03
.392E-03
.300E-02
.971E-02
.579E-02
.437E-02
.443E-02
.529E-02
.166E-01
.380E-01
.595E-01
.809E-01
.337E-01
.854E-01
.360E-01
.855E-01
.817E-01
.743E-01
.479E-01
.061E-01
.798E-01
.050E+00
.182E+00
.304E+00
.417E+00
.523E+00
.964E+00
.310E+00
.841E+00
.247E+00
.579E+00
.861E+00
.107E+00
.326E+00
.521E+00
.699E+00
.404E+00
.921E+00
.670E+00
.213E+400
.640E+00
.992E+00
.290E+00
.550E+00
.780E+00
.986E+00



OO JoO Ul WWNNNHEFRPRPRFRPPRPROOJOOOUODD WWNREREROOJOUOUd WONRFE R OO -JO U d WNE P OO Jdo) 0 b wdhE -

Energy
MeV

.000E-02
.500E-02
.000E-02
.000E-02
.000E-02
.000E-02
.000E-02
.000E-02
.000E-02
.000E-02
.000E-01
.500E-01
.000E-01
.000E-01
.000E-01
.000E-01
.000E-01
.000E-01
.000E-01
.000E-01
.000E+00
.500E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+01
.500E+01
.000E+01
.000E+01
.500E+01
.000E+01
.000E+01
.000E+01
.000E+01
.000E+01
.000E+01
.000E+02
.250E+02
.500E+02
.750E+02
.000E+02
.500E+02
.000E+02
.500E+02
.000E+02
.000E+02
.000E+02
.000E+02
.000E+02
.000E+02

DN NDNNDNDDNDNDNNONNDNDNNDMDNNNDNDMNNMNNDNDNDMNDNDNNDNMDNNNNRRRRRRRRPRERERERRPERPEREENDMNMNDNDOSDSDDCOOOTORREDN

Collision
stp.— Pow
MeV —(cm®/ g)

.257E+01
.646E+01
.317E+01
.643E+00
.767E+00
.593E+00
.787E+00
.198E+00
.749E+00
.394E+00
.107E+00
.230E+00
.786E+00
.349E+00
.142E+00
.027E+00
.955E+00
.908E+00
.876E+00
.854E+00
.839E+00
.810E+00
.812E+00
.835E+00
.859E+00
.881E+00
.901E+00
.918E+00
.932E+00
.946E+00
.958E+00
.003E+00
.035E+00
.077E+00
.092E+00
.105E+00
.126E+00
.142E+00
.156E+00
.168E+00
.178E+00
.188E+00
.207E+00
.223E+00
.236E+00
.247E+00
.266E+00
.282E+00
.295E+00
.306E+00
.325E+00
.341E+00
.354E+00
.365E+00
.375E+00

NN RPRPRPRPRPRPROIJOODWNMNNMNREFRPRPRPRPRPOIJOOWNERREROJOBRRNRERREOOJOOOU B B DWWWWWWWWWW

TISSUE, SOFT (ICRP)

Radiative
stp.— Pow
MeV —(cm® | g)

.680E-03
.721E-03
.740E-03
.762E-03
.785E-03
.811E-03
.842E-03
.877E-03
.916E-03
.958E-03
.002E-03
.258E-03
.551E-03
.232E-03
.018E-03
.895E-03
.844E-03
.854E-03
.914E-03
.102E-02
.218E-02
.849E-02
.552E-02
.099E-02
.778E-02
.553E-02
.404E-02
.132E-01
.328E-01
.528E-01
.733E-01
.796E-01
.905E-01
.204E-01
.378E-01
.565E-01
.097E+00
.340E+00
.585E+00
.832E+00
.080E+00
.330E+00
.957E+00
.590E+00
.225E+00
.863E+00
.145E+00
.433E+00
.726E+00
.002E+01
.262E+01
.522E+01
.783E+01
.045E+01
.306E+01

NNNNERPERPRPRERPRPROOJT OB DWWWNNMNNONNMNNMNDMNMNNMNERERRPRERPPRPRPRPERPEREPERERERNDNNDNDNDOWSDSDSOOONORFRDN

Total
stp.— Pow
MeV —(cm® | g)

.257E+01
.647E+01
.317E+01
.647E+00
.771E+00
.597E+00
.791E+00
.202E+00
.753E+00
.398E+00
.111E+00
.235E+00
.791E+00
.354E+00
.148E+00
.034E+00
.963E+00
.917E+00
.886E+00
.865E+00
.851E+00
.829E+00
.838E+00
.876E+00
.917E+00
.957E+00
.995E+00
.031E+00
.065E+00
.099E+00
.131E+00
.283E+00
.425E+00
.697E+00
.830E+00
.961E+00
.222E+00
.482E+00
.741E+00
.000E+00
.259E+00
.517E+00
.164E+00
.812E+00
.461E+00
.111E+00
.412E+00
.716E+00
.102E+01
.233E+01
.494E+01
.756E+01
.019E+01
.281E+01
.544E+01
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O WOWWOWOJJOOUUDDdDWWWNNNMNNRERPERREPRPOJOSDPDPWWOWNNMNRE OIDPWWOWNNMNRERONDNREREODJOSNDEOOODN

CSDA
Range
(g/em?)

.512E-04
.144E-04
.565E-04
.757E-03
.921E-03
.324E-03
.946E-03
.7T72E-03
.786E-03
.198E-02
.433E-02
.822E-02
.497E-02
.441E-02
.291E-01
.770E-01
.271E-01
.7187E-01
.314E-01
.847E-01
.385E-01
.110E-01
.839E-01
.523E+00
.050E+00
.566E+00
.073E+00
.569E+00
.058E+00
.538E+00
.011E+00
.276E+00
.401E+00
.331E+01
.512E+01
.684E+01
.008E+01
.307E+01
.584E+01
.842E+01
.084E+01
.312E+01
.829E+01
.285E+01
.693E+01
.062E+01
.708E+01
.260E+01
.743E+01
.172E+01
.908E+01
.524E+01
.055E+01
.520E+01
.935E+01

N JdJdJo oo oo DWW WNNMNNNERPREPRPREPRPOOODWWWNNRERRERPOOUOWWNNNNDNERREREOJOOSDWWNDNDERER O

Radiationd
Yield

.894E-05
.243E-04
.571E-04
.173E-04
.728E-04
.248E-04
.742E-04
.214E-04
.668E-04
.107E-04
.533E-04
.515E-04
.324E-04
.265E-03
.576E-03
.880E-03
.182E-03
.485E-03
.792E-03
.102E-03
.416E-03
.051E-03
.784E-03
.047E-02
.434E-02
.835E-02
.243E-02
.658E-02
.076E-02
.496E-02
.917E-02
.014E-02
.060E-02
.192E-01
.373E-01
.545E-01
.867E-01
.161E-01
.430E-01
.678E-01
.906E-01
.118E-01
.585E-01
.981E-01
.321E-01
.618E-01
.111E-01
.507E-01
.833E-01
.107E-01
.545E-01
.881E-01
.149E-01
.368E-01
.551E-01

PFRPREPRPRPRPOOOOO0-JIJIJOooOoOO T uuddWWNNDNNMNNEREROONNRERRUOJOOOOOODODOOOOOOOoOo

D.Effect

Parameter

.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.184E-03
.251E-02
.066E-01
.657E-01
.276E-01
.908E-01
.012E-01
.807E-01
.343E+00
.710E+00
.012E+00
.268E+00
.491E+00
.688E+00
.865E+00
.025E+00
.666E+00
.144E+00
.853E+00
.133E+00
.379E+00
.799E+00
.147E+00
.444E+00
.704E+00
. 934E+00
.141E+00
.581E+00
.941E+00
.247E+00
.513E+00
.957E+00
.320E+00
.627E+00
.894E+00
.034E+01
.070E+01
.101E+01
.128E+01
.151E+01



Energy
MeV

.000E-02
.500E-02
.000E-02
.000E-02
.000E-02
.000E-02
.000E-02
.000E-02
.000E-02
.000E-02
.000E-01
.500E-01
.000E-01
.000E-01
.000E-01
.000E-01
.000E-01
.000E-01
.000E-01
.000E-01
.000E+00
.500E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+01
.500E+01
.000E+01
.000E+01
.000E+01
.000E+01
.500E+01
.000E+01
.000E+01
.000E+01
.000E+01
.000E+02
.500E+02
.000E+02
.000E+02
.000E+02
.000E+02
.000E+02
.000E+02
.000E+02
.000E+02
.000E+03

H Ooo-JoUld WNEPE P OOJOU Od WNEPE PP OO JdJOUd WNhE P OO0 Jd00d WNhE P OO Jou s W - -

NDNNOMNNDNDNNNDNDNDNDNNNDNMDNDNNNMMNNMDNMMNMNNNNNRERRRERRRPRERRRPREREREEERNDMNNDNDNDOSDDDdDOCOOOYTORREDN

Collision
stp.— Pow
MeV —(cm®/ g)

.256E+01
.647E+01
.317E+01
.653E+00
.7TT7TE+00
.603E+00
.797E+00
.207E+00
.757E+00
.402E+00
.115E+00
.238E+00
.793E+00
.355E+00
.148E+00
.034E+00
.963E+00
.917E+00
.886E+00
.864E+00
.849E+00
.822E+00
.824E+00
.846E+00
.870E+00
.892E+00
.911E+00
.928E+00
.943E+00
.956E+00
.968E+00
.014E+00
.046E+00
.089E+00
.118E+00
.139E+00
.148E+00
.156E+00
.170E+00
.182E+00
.193E+00
.202E+00
.238E+00
.263E+00
.297E+00
.322E+00
.341E+00
.357E+00
.370E+00
.381E+00
.391E+00
.400E+00

NNONFRPR PR, JdOWNNRRRPRPROAARMNRR,EROJOAOBRNRRRREOOO-IO O DB DB DD DS DWWWwW

WATER, LIQUID

Radiative
stp.— Pow
MeV —(cm® | g)

.898E-03
.944E-03
.963E-03
.984E-03
.005E-03
.031E-03
.062E-03
.098E-03
.138E-03
.181E-03
.228E-03
.494E-03
.801E-03
.514E-03
.339E-03
.257E-03
.254E-03
.313E-03
.042E-02
.159E-02
.280E-02
.942E-02
.678E-02
.299E-02
.058E-02
.917E-02
.854E-02
.185E-01
.391E-01
.601E-01
.814E-01
.926E-01
.086E-01
.489E-01
.955E-01
.146E+00
.273E+00
.400E+00
.656E+00
.914E+00
.173E+00
.434E+00
.7T49E+00
.078E+00
.760E+00
.046E+01
.317E+01
.589E+01
.861E+01
.133E+01
.406E+01
.679E+01

NNNMNNNRPRERPRPRPRRPREJODDWWWWWNNNMNNMNMNMNNMMNNNMNERPRPRERRPRPEREPERERPRPEERENDNNDNDNNDWDSSOGOODORFRFEDN

Total
stp.— Pow
MeV —(cm® | g)

.256E+01
.647E+01

.318E+01
.657E+00
.781E+00
.607E+00
.801E+00
.211E+00
.761E+00
.407E+00
.119E+00
.242E+00
.798E+00
.360E+00
.154E+00
.041E+00
.972E+00
.926E+00
.896E+00
.876E+00
.862E+00
.841E+00
.850E+00
.889E+00
.931E+00
.971E+00
.010E+00
.047E+00
.082E+00
.116E+00
.149E+00
.306E+00
.454E+00
.738E+00
.013E+00
.286E+00
.421E+00
.556E+00
.827E+00
.096E+00
.366E+00
.636E+00
.987E+00
.341E+00
.006E+01
.278E+01
.551E+01
.824E+01
.098E+01
.371E+01
.645E+01
.919E+01

HOWWOWOWW-JO D DPWWNNNNNERPRRERPOIPEDWWNNNRE O WWNNREREROPNREROJOSDNDE WO DN

CSDA
Range
(g/em?)

.515E-04
.147E-04
.566E-04
.756E-03
.919E-03
.320E-03
.940E-03
.762E-03
.773E-03
.196E-02
.431E-02
.817E-02
.488E-02
.421E-02
.288E-01
.766E-01
.265E-01
.778E-01
.302E-01
.832E-01
.367E-01
.075E-01
.785E-01
.514E+00
.037E+00
.550E+00
.052E+00
.545E+00
.030E+00
.506E+00
.975E+00
.219E+00
.320E+00
.317E+01
.665E+01
.983E+01
.132E+01
.276E+01
.547E+01
.799E+01
.035E+01
.258E+01
.204E+01
.957E+01
.116E+01
.996E+01
.706E+01
.299E+01
.810E+01
.258E+01
.657E+01
.002E+02

*CSDA: Continuous-Slowing-Down Approximation.

Detour Factor:

Projected / CSDA.

N JJJooo U WNNMNNMNNNERPRPRPOOADP WWNNRERPREREJO0WWNNDMNRERREOJOOOSDWWNDDNDRERE©O

Radiationd
Yield

.408E-05
.316E-04
.663E-04
.301E-04
.886E-04
.435E-04
.955E-04
.453E-04
.931E-04
.393E-04
.842E-04
.926E-04
.826E-04
.331E-03
.658E-03
.976E-03
.292E-03
.608E-03
.928E-03
.251E-03
.579E-03
.281E-03
.085E-03
.092E-02
.495E-02
.911E-02
.336E-02
.766E-02
.200E-02
.636E-02
.072E-02
.243E-02
.355E-02
.233E-01
.594E-01
.923E-01
.076E-01
.222E-01
.496E-01
.747E-01
.978E-01
.192E-01
.060E-01
.698E-01
.584E-01
.180E-01
.613E-01
.945E-01
.209E-01
.425E-01
.605E-01
.759E-01

Adopted from national institute of standards and technology
http://physics.nist.gov/ (2004).
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PR RPRPRPRPROOOJdJdaONT OO EDdWNNNMNNNRRROUONRRE,JINOOOOO0OO0OO0OO0O0O0O0O0O00O0O

D.Effect

Parameter

.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.938E-02
.435E-02
.267E-01
.835E-01
.428E-01
.437E-01
.218E-01
.288E+00
.660E+00
.967E+00
.227E+00
.453E+00
.652E+00
.831E+00
.992E+00
.633E+00
.107E+00
.806E+00
.326E+00
.741E+00
.921E+00
.087E+00
.383E+00
.641E+00
.871E+00
.077E+00
.876E+00
.447E+00
.254E+00
.827E+00
.027E+01
.064E+01
.094E+01
.121E+01
.145E+01
.166E+01

USA. At



Nuclear Data

Hydrogen
Z A Atomic Binding Natural Half- Dec. 0
Mass (u) Energy (MeV) Abounds life MeV
1 1 1.00783 0 0.99985 stable
1 2 2.01400 2.22 .00015 stable ... e
1 3 3.01605 8.48 12.32y B- 0.019
Helium
7 A Atomic Binding Natural Half- Dec. o)
Mass (u) Energy (MeV) Abounds life MeV
2 3 3.01603 7.72 0.00000138 stable
2 4 4.00260 28.3 .999999 stable ... N
2 6 6.018886 29.27 0.807s B- 3.51
2 8 8.03392 31.41 0.119s B- 14
Lithium
7 A Atomic Binding Natural Half-life Dec. 0
Mass (u) Energy (MeV) Abounds MeV
3 6 6.015121 32.00 0.075 stable
3 7 7.016003 39.25 0.925 stable N ..
3 8 8.022485 41.28 0.84s R- 16.0
3 9 9.026789 45.34 0.177s R- 13.6
3 11 11.043908 45.54 . 8. 7ms R- 20.7
Beryllium
Z A Atomic Binding Natural Half-life Dec. 0
Mass (u) Energy (MeV) Abounds MeV
4 7 7.016928 37.6 ... 53.28d EC 0.86
4 9 9.012182 58.17 100 stable .. ..
4 10 10.013534 64.98 1.52My B- 0.56
4 11 11.021658 65.48 13.8s B- 11.48
4 12 12.026921 68.65 24ms B- 11.71
Boron
Z A Atomic Binding Natural Half- Dec. Q
Mass (u) Energy (MeV) Abounds life MeV
5 8 8.02460 37.74 .. 0.770s B+,2 o 11.1,17.5
5 10 10.01293 64.75 0.199 stable
5 11 11.00930 76.21 0.801 stable e ...
5 12 12.01435 79.58 0.0202s - 13.37
5 13 13.01778 0.0174s R- 13.44
Carbon
7 A Atomic Binding Natural Half- Dec. o)
Mass (u) Energy (MeV) Abounds life MeV
[ 11 11.011433 73.44 . 20.3m B+ 1.98
6 12 12.000000 92.16 0.989 stable
6 13 13.003355 97.11 0.011 stable ... ..
6 14 14.003241 105.29 5715y B- 0.016
Nitrogen
Z A Atomic Binding Natural Half-life Dec. 0
Mass (u) Energy (MeV) Abounds MeV
7 12 12.018613 74.04 11lms B+ 17.34
7 13 13.005738 94.11 .. 9.97m B+ 2.22
7 14 14.003074 104.66 0.99634 stable
7 15 15.000108 115.49 0.00366 stable . ..
7 16 16.006099 117.98 7.13s B- 8.68
Oxygen
7 A Atomic Binding Natural Half-life Dec. 0
Mass (u) Energy (MeV) Abounds MeV
8 13 13.02810 ... 8.9ms B+ 17.77
8 14 14.008595 98.74 70.6s B+ 5.14
8 15 15.003065 111.96 .. 122s B+ 2.75
8 16 15.994915 127.62 0.99762 stable
8 17 16.999131 131.77 0.00038 stable
8 18 17.999160 139.81 0.002 stable

361



Fluorine

Z A Atomic Binding Natural Half-life Dec. 0
Mass (u) Energy (MeV) Abounds MeV
9 17 17.002095 128.22 64.7s B+ 2.76
9 18 18.000937 137.37 ... 1.83h B+ 1.66
9 19 18.998403 147.80 1.00 stable ...
Neon
Z A Atomic Binding Natural Half-1life Dec. 0
Mass (u) Energy (MeV) Abounds MeV
10 20 19.992436 160.65 0.9051 stable
10 21 20.993843 167.41 0.0027 stable
10 22 21.991383 177.78 0.0922 stable e ...
10 23 22.994465 182.98 37.2s R- 4.38
10 24  23.993613 191.84 3.38m R- 2.47
Sodium
Z A Atomic Binding Natural Half-life Dec. Q
Mass (u) Energy (MeV) Abounds MeV
11 22 21.994434 174.15 .. 2.605y B+ 2.84
11 23 22.989768 186.57 1 stable e ..
11 24 23.990961 193.53 14.97h R- 5.51
Magnesium
Z A Atomic Binding Natural Half-life Dec. 0
Mass (u) Energy (MeV) Abounds MeV
12 23 22.994124 181.73 Ce 11.32s B+ 4.06
12 24  23.985042 198.26 0.7899 stable
12 25 24.985837 205.59 0.1 stable
12 26 25.982594 216.68 0.1101 stable .
12 27 26.984341 223.13 9.45m R- 2.61
12 28 27.983877 231.63 21.0h R- 1.83
Aluminum
Z A Atomic Binding Natural Half-life Dec. 0
Mass (u) Energy (MeV) Abounds MeV
13 26  25.986892 211.90 Ce .71My B+ 4.01
13 27 26.981539 224.95 1.00 stable ..
13 29 28.980446 242 .12 6.5m B+ 3.68
Silicon
Z A Atomic Binding Natural Half-life Dec. 0
Mass (u) Energy (MeV) Abounds MeV
14 28 27.976927 236.54 0.9223 stable
14 29 28.976495 245.01 0.0467 stable
14 30 29.973770 255.62 0.031 stable ... ...
14 31 30.975362 262.21 2.62h R- 1.49
14 32 31.974148 271.41 100.y R- 0.23
Chlorine
Z A Atomic Binding Natural Half- Dec. 0
Mass (u) Energy (MeV) Abounds life MeV
17 35 34.968853 298.21 0.7577 stable ... ...
17 36 35.968307 306.79 0.3My B+, R- .071,
1.14
17 37 36.965903 317.1 0.2423 stable e ...
17 37 38.968004 331.29 55.7m B- 3.44
Argon
Z A Atomic Binding Natural Half-life Dec. 0
Mass (u) Energy (MeV) Abounds MeV
18 36 35.967546 306.72 0.00337 stable
18 38 37.962733 327.35 0.00063 stable e ..
18 39 38.904314 333.95 Ce. 268y R- 0.57
18 40 39.962384 343.81 0.996 stable ..
18 42 41.963049 359.34 33y R- 0.60
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Potassium

Z A Atomic Binding Natural Half- Dec. 0
Mass (u) Energy (MeV) Abounds life MeV
19 39 38.963707 333.72 0.93258 stable e .
19 40 39.963999 341.53 0.000117 1.26Gy R- 1.31,
, B+ 0.48
19 41 40.961825 351.62 0.06702 stable e ..
19 43 42.960717 368.80 22.3h - 1.82
Calcium
Z A Atomic Binding Natural Half-life Dec. Q
Mass (u) Energy (MeV) Abounds MeV
20 40 39.962591 342.06 0.96941 stable . ...
20 41 40.962278 350.42 ... 0.1My EC 0.42
20 42 41.958618 361.90 0.00647 stable
20 43 42.958766 369.83 0.00135 stable
20 44 43.955481 380.97 0.02086 stable ... ..
20 45 44.956185 388.38 e 163.8d B- 0.26
20 46 45.953690 398.78 0.000040 stable .. ..
20 47 46.954543 406.05 e 4.536d B- 1.99
20 48 47.952533 416.00 0.0019 stable ...
Chromium
Z A Atomic Binding Natural Half-life Dec. 0
Mass (u) Energy (MeV) Abounds MeV
24 48 47.954033 411.47 e 21.6h EC 1.65
24 50 49.9460406 435.05 0.04345 stable e ..
24 51 50.944768 444,315 Ce. 27.70d EC 0.75
24 52 51.940510 456.35 0.83789 stable
24 53 52.940651 464.29 0.09501 stable
24 54 53.938883 474 .01 0.02365 stable
Manganese
Z A Atomic Binding Natural Half-life Dec. 0
Mass (u) Energy (MeV) Abounds MeV
25 53 52.941291 462.9 3.7My EC 0.60
25 54 53.940361 471.85 .. 312d B+ 1.38
25 55 54.938047 482.08 1.00 stable ... ...
25 56 55.938907 489.35 2.57%n B- 3.70
Iron
Z A Atomic Binding Natural Half-life Dec. o]
Mass (u) Energy (MeV) Abounds MeV
26 54 53.939613 471.77 0.059 stable ... e
26 55 54.938296 481.07 ... 2.7y EC 0.23
26 56 55.934939 492.26 0.9172 stable
26 57 56.935396 499.91 0.021 stable
26 58 57.933277 509.96 0.0028 stable ... ce
26 60 59.934077 525.35 1.5My B- 0.24
Cobalt
Z A Atomic Binding Natural Half-life Dec. 0
Mass (u) Energy (MeV) Abounds MeV
27 56 55.939841 486.92 77.7d B+ 4.57
27 57 56.936294 498.29 ce. 271d EC 0.84
27 59 58.933198 517.32 1.00 stable .. e
27 60 59.933820 524.81 5.272y B- 2.82
Nickel
Z A Atomic Binding Natural Half-life Dec. 0
Mass (u) Energy (MeV) Abounds MeV
28 56 55.942134 484.00 ... 6.10d EC 2.14
28 58 57.935346 506.46 0.6827 stable .. ...
28 59 58.934349 515.46 . Teky EC 1.07
28 60 59.930788 526.85 0.261 stable
28 61 60.931058 534.67 0.0113 stable
28 62 61.928346 545.27 0.0359 stable e ...
28 63 62.929670 552.11 .. 100.y R- 0.065
28 64 63.927968 561.76 0.0091 stable
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Copper

7 A Atomic Binding Natural Half- Dec. 0
Mass (u) Energy (MeV) Abounds life MeV
29 63 62.929599 551.39 0.6917 stable e ...
29 64 63.929766 559.31 12.7h g+,p- 0.58,
1.68
29 65 64.927793 569.22 0.3083 stable e ...
29 67 66.927748 585.40 2.58d R- 0.58
Zinc
Z A Atomic Binding Natural Half-life Dec. o]
Mass (u) Energy (MeV) Abounds MeV
30 64 63.929145 559.10 0.486 stable ... e
30 65 64.929243 567.08 ... 243.8d B+ 1.35
30 66 65.926035 578.14 0.279 stable Ce
30 67 66.927129 585.20 0.041 stable
30 68 67.924846 595.39 0.188 stable
30 70 69.925325 611.09 0.006 stable ... ..
30 72 71.926856 625.81 46.5h B- 0.46
Gallium
Z A Atomic Binding Natural Half-life Dec. 0
Mass (u) Energy (MeV) Abounds MeV
31 67 66.928204 583.41 e 3.26d EC 1.00
31 69 68.925580 602.00 0.601 stable
31 71 70.924701 618.96 0.399 stable ... ...
31 72  71.926365 625.48 13.95h B- 3.99
Germanium
Z A Atomic Binding Natural Half-life Dec. 0
Mass (u) Energy (MeV) Abounds MeV
32 68 67.928097 590.80 e 288d EC 0.11
32 70 69.924250 610.53 0.205 stable ... ..
32 71 70.924954 617.94 e 11.2d EC 0.24
32 72 71.922079 628.69 0.274 stable
32 73 72.923463 635.47 0.078 stable
32 74 73.921177 645.68 0.365 stable
32 76 75.921402 661.61 0.078 stable
Bromine
Z A Atomic Binding Natural Half-life Dec. 0
Mass (u) Energy (MeV) Abounds MeV
35 77 76.921377 667.36 ... 57.0h B+ 1.37
35 79 78.918336 686.33 0.5069 stable
35 81 80.916289 704.38 0.4931 stable ... ...
35 82 81.916802 711.98 35.30h B- 3.09
Krypton
Z A Atomic Binding Natural Half-life Dec. 0
Mass (u) Energy (MeV) Abounds MeV
36 78 77.920396 675.56 0.0035 stable
36 80 79.916380 695.44 0.0225 stable ... ..
36 81 80.916590 703.32 e 0.21My EC 0.28
36 82 81.913483 714.28 0.116 stable
36 83 82.914135 721.75 0.115 stable
36 84 83.911507 732.27 0.57 stable ... ..
36 85 84.912532 739.38 e 10.72y B- 0.69
36 86 85.910615 749.24 0.173 stable ... ...
36 90 89.919528 773.23 32.3s B- 4.39
36 92 91.926270 783.09 1.84s B- 6.06
Rubidium
Z A Atomic Binding Natural Half-life Dec. 0
Mass (u) Energy (MeV) Abounds MeV
37 83 82.915143 720.03 ce 86.2d EC 0.96
37 85 84.911794 739.29 0.72165 stable
37 87 86.909187 757.86 0.27835 stable
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Strontium

Z A Atomic Binding Natural Half-life Dec. 0
Mass (u) Energy (MeV) Abounds MeV
38 84 83.913430 728.91 0.0056 stable e e
38 85 84.912937 737.44 Ce. 64.8d B+ 1.08
38 86 85.909267 748.93 0.0986 stable
38 87 86.908884 757.36 0.07 stable
38 88 87.905619 768.47 0.8258 stable e e
38 90 89.907738 782.64 29y R- 0.55
Yttrium
Z A Atomic Binding Natural Half-life Dec. 0
Mass (u) Energy (MeV) Abounds MeV
39 88 87.909507 764.07 e 106.61d EC 3.62
39 89 88.905849 775.55 1.00 stable ce ce
39 91 90.907303 790.34 58.5d R- 1.55
Zirconium
Z A Atomic Binding Natural Half-life Dec. Q
Mass (u) Energy (MeV) Abounds MeV
40 90 89.904703 783.90 0.5145 stable
40 91 90.905644 791.10 0.1122 stable
40 92 91.905039 799.73 0.1715 stable e e
40 93 92.906474 806.47 Ce. 1.5My R- 0.08
40 94 93.906315 814.69 0.1738 stable
40 96 95.908275 829.01 0.028 stable
Molybdenum
7 A Atomic Binding Natural Half-life Dec. 0
Mass (u) Energy (MeV) Abounds MeV
42 92 91.906809 796.52 0.1484 stable e ..
42 93 92.906813 804.59 Ce 3.5 ky EC 0.41
42 94 93.905085 814.27 0.0925 stable
42 95 94.905841 821.64 0.1592 stable
42 96 95.904679 830.79 0.1668 stable
42 97 96.906020 837.61 0.0955 stable
42 98 97.905407 846.26 0.2413 stable e ..
42 99 98.907711 852.18 ce 2.75 d B- 1.36
42 100 99.907476 860.47 0.0963 stable
Technetium
Z A Atomic Binding Natural Half-life Dec. o]
Mass (u) Energy (MeV) Abounds MeV
43 97 96.906304 836.51 2.6 My EC 0.32
43 98 97.907215 843.79 4.2 My B- 1.79
Silver
Z A Atomic Binding Natural Half- Dec. o]
Mass (u) Energy (MeV) Abounds life MeV
47 105 104.906521 897.81 Ce 41.3d EC 1.34
47 107 106.905092 915.28 0.51839 stable
47 109 108.904756 931.74 0.48161 stable e ..
47 111 110.905295 947.38 7.47d R- 1.04
Cadmium
Z A Atomic Binding Natural Half- Dec. 0
Mass (u) Energy (MeV) Abounds life MeV
48 106 105.906461 905.15 0.0125 stable
48 108 107.904176 923.42 0.0089 stable Ce ..
48 109 108.904953 930.77 e 462.3d EC 0.18
48 110 109.903005 940.67 0.1249 stable
48 111 110.904182 947.63 0.128 stable
48 112 111.902757 957.03 0.2413 stable
48 113 112.904400 963.57 0.1222 stable
48 114 113.903357 972.61 0.2873 stable
48 116 115.904755 987.46 0.0749 stable
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Indium

7 A Atomic Binding Natural Half-life Dec. 0
Mass (u) Energy (MeV) Abounds MeV
49 111 110.905109 945.99 ... 2.806d EC 0.86
49 113 112.904061 963.10 0.043 stable ... ...
49 115 114.903882 979.41 0.957 4.4eldy B- 0.50
Iodine
Z A Atomic Binding Natural Half- Dec Q
Mass (u) Energy (MeV) Abounds life MeV
53 125 124.904620 1056.3 Ce 59.9d B- 0.18
53 127 126.904473 1072.6 1.00 stable ... ...
53 129 128.904986 1088.3 17My B- 0.19
Xenon
7 A Atomic Binding Natural Half- Dec. o)
Mass (u) Energy (MeV) Abounds life MeV
54 124 123.905894 1046.3 0.001 stable
54 126 125.904281 1063.9 0.0009 stable ce N
54 127 126.905182 1071.0 ... 36.2d EC 0.66
54 128 127.903531 1080.8 0.0191 stable
54 129 128.904780 1087.7 0.264 stable
54 130 129.903509 1096.9 0.041 stable
54 131 130.905072 1103.5 0.212 stable
54 132 131.904144 1112.5 0.269 stable .. ..
54 133 132.905889 1118.9 Ce. 5.25d R- 0.43
54 134 133.905395 1127.5 0.104 stable
54 136 135.907213 1141.9 0.089 stable
Cesium
7 A Atomic Binding Natural Half-life Dec. 0
Mass (u) Energy (MeV) Abounds MeV
55 133 132.905429 1118.6 1.00 stable ... ...
55 135 134.905885 1134.3 2.3My B- 0.21
55 137 136.907074 1149.3 30.17y B- 1.17
Barium
Z A Atomic Binding Natural Half- Dec o]
Mass (u) Energy (MeV) Abounds life MeV
56 130 129.906281 1092.8 0.00106 stable
56 132 131.905043 1110.1 0.00101 stable ... ...
56 133 132.905988 1117.3 ce 10.53y EC 0.52
56 134 133.904485 1126.7 0.02417 stable
56 135 134.905665 1133.7 0.06592 stable
56 136 135.904553 1142.8 0.07854 stable
56 137 136.905812 1149.7 0.1123 stable
56 138 137.905233 1158.3 0.717 stable e e
56 140 139.910581 1169.5 12.76d B- 1.03
56 142 141.916361 1180.2 10.7m B- 2.13
56 143 142.920483 1184.5 15s - 4.2
56 144 143.922845 1190.3 11.5s B- 3.0
Tungsten
7 A Atomic Binding Natural Half-life Dec. 0
Mass (u) Energy (MeV) Abounds MeV
74 180 179.946701 1444.6 0.0012 stable
74 182 181.948202 1459.4 0.263 stable
74 183 182.950220 1465.6 0.143 stable
74 184 183.950929 1473.0 0.3067 stable
74 186 185.9543506 1485.9 0.286 stable
Iridium
Z A Atomic Binding Natural Half- Dec. o)
Mass (u) Energy (MeV) Abounds life MeV
77 189 188.958712 1503.7 ce 13.2d EC 0.54
77 191 190.960584 1518.1 0.373 stable ... ..
77 192 191.962580 1524.3 ce 73.83d B- 1.45
77 193 192.962917 1532.1 0.627 stable
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Platinum

7 A Atomic Binding Natural Half- Dec. 0
Mass (u) E. (MeV) Abounds life MeV
78 190 189.959916 1509.9 0.0001 6.5E11ly o 3.24
78 192 191.961019 1525.0 0.0079 stable . ...
78 193 192.962977 1531.3 ... 60y EC 0.057
78 194 193.962655 1539.6 0.329 stable ..
78 195 194.964765 1545.7 0.338 stable
78 196 195.964927 1553.7 0.253 stable
78 198 197.967869 1567.1 0.072 stable
Gold
Z A Atomic Binding Natural Half- Dec. Q
Mass (u) Energy (MeV) Abounds life MeV
79 195 194.965012 1544.7 186.1d EC 0.23
79 196 195.996543 1523.4 6.18d EC,pB- 0.51,
0.69
79 197 196.966543 1559.4 1.00 stable
Mercury
Z A Atomic Binding Natural Half- Dec. 0
Mass (u) Energy (MeV) Abounds life MeV
80 194 193.965391 1535.5 . 520y EC 0.04
80 196 195.965807 1551.3 0.0015 stable
80 198 197.966743 1551.3 0.100 stable
80 199 198.968254 1573.2 0.1689 stable
80 200 199.968300 1581.2 0.231 stable
80 201 200.970277 1587.5 0.132 stable
80 202 201.970617 1595.2 0.298 stable ... ...
80 203 202.972848 1601.2 e 46.6d B- 0.49
80 204 203.973466 1608.7 0.069 stable
Lead
Z A Atomic Binding Natural Half- Dec. Q
Mass (u) Energy (MeV) Abounds life MeV
82 204 203.973020 1607.6 0.0014 stable ... ...
82 205 204.974458 1614.3 ... 15.1My EC 0.053
82 206 205.974440 1622.4 0.241 stable ..
82 207 206.975871 1629.1 0.221 stable
82 208 207.976627 1636.5 0.524 stable .. ...
82 209 208.981065 1640.4 3.25h B- 0.64
82 210 209.984163 1645.6 22.6y B- 0.063
82 211 210.988735 1649.4 36.1m B- 1.38
82 212 211.991871 1654.6 10.64h B- 0.57
82 214 213.999798 1663.3 26.8m B- 1.03
Radon
Z A Atomic Binding Natural Half- Dec. Q
Mass (u) Energy MeV Abounds life MeV
86 210 209.989669 1637.3 2.4h a,EC 6.16,
2.37
86 211 210.990575 1644.6 14.6h B+,a 2.89,
5.96
86 212 211.990697 1652.5 24h o 6.39
86 213 212.996347 1655.3 25ms o 8.24
86 214 213.995339 1664.3 0.27ms o 9.21
86 219 219.009478 1691.5 3.96s o 6.95
86 220 220.011368 1697.8 55.6s o 6.40
86 222 222.017571 1708.2 3.823d o 5.59
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Radium

Z A Atomic Binding Natural Half- Dec 0
Mass (u) Energy (MeV) Abounds life MeV
88 206 206.003800 1590.3 0.4s o 7.42
88 216 216.003509 1671.3 0.18s o 9.53
88 218 218.007118 1684.1 1l4ms o 8.55
88 220 220.011004 1696.6 23ms o 7.59
88 222 222.015353 1708.7 38s o 5.59
88 223 223.018501 1713.9 11.43d o 5.98
88 224 224.020186 1720.4 3.66d o 5.79
88 225 225.023604 1725.2 14.8d B- 0.37
88 226 226.025403 1731.6 1.599ky o 4.87
88 228 228.031064 1742.5 5.75y B- 0.04
Thulium
7 A Atomic Binding Natural Half- Dec. 0
Mass (u) Energy (MeV) Abounds life MeV
69 169 168.934212 1371.4 1.00 stable ... ..
69 170 169.935798 1378.0 128.6d B- 0.97
69 171 170.936426 1385.5 1.92y B- 0.096
Thorium
Z A Atomic Binding Natural Half- Dec. o]
Mass (u) Energy (MeV) Abounds life MeV
90 227 227.027703 1736.0 18.72d o 6.15
90 228 228.028715 1743.0 1.912y o 5.52
90 229 229.031755 1748.4 7.9ky o 5.17
90 230 230.033128 1755.2 75.4ky o 4.77
90 231 231.036298 1760.3 - 35.2h B- 0.39
90 232 232.038051 1766.7 1.00 1.4E10y o 4.08
90 234 234.043593 1777.7 24.10d B- 0.27
Uranium
Z A Atomic Binding Natural Half- Dec. Q
Mass (u) Energy (MeV) Abounds life MeV
92 226 226.029170 1725.0 0.5s o 7.56
92 231 231.036270 1758.7 4.2d EC 0.36
92 232 232.037130 1766.0 68.9d o 5.41
92 233 233.039628 1771.8 ce 0.159My o 4.91
92 234 234.040947 1778.6 5.5E5 0.245My o 4.86
92 235 235.043924 1783.9 0.0072 0.704Gy o 4.68
92 236 236.045563 1790.4 c. 23.4My o 4.57
92 238 238.050785 1801.7 0.99275 4.46Gy o 4.27
92 239 239.054290 1806.5 23.54m B- 1.26
Plutonium
7 A Atomic Binding Natural Half- Dec. o)
Mass (u) Energy (MeV) Abounds life MeV
94 239 239.052158 1806.9 24.11ky B- 5.24
94 242 242.058737 1825.0 0.376My o 4.98
94 244 244.064198 1836.1 82My o 4.67
Americium
7 A Atomic Binding Natural Half- Dec 0
Mass (u) Energy (MeV) Abounds life MeV
95 241 241.056824 1818.0 432.2y o 5.64
95 243 243.061375 1829.9 7.37ky o 5.44
Californium
7 A Atomic Binding Natural Half- Dec. 0
Mass (u) Energy (MeV) Abounds life MeV
98 249 249.074845 1863.4 351y o 6.30
98 251 251.079579 1875.1 890y o 6.17
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